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the inftruction of young men deftined 
to ferve in the artillery, be with fuch 
pecaliae propriety infcribed, as to your 
Grace? under whofe aufpices the Royal 
Military Academy has attained a pitch 
of excellence, that promifes to the 
Sovereign and nation, whofe bounty 
fupports it, an ample compenfation 
in the knowledge and talents of ‘the 


ftudents. 
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regulations ; and by an attention to 
every thing that can tend to the ad~ 
vancement of the public fervice, or 
the promotion of fcience: I have, 

, 
therefore, prefumed to dedicate this 
tranflation, the employment of my 
leifure hours, to your Grace; in the 
hope, that it may {erve more generally 
to diffufe the fuperior military know- 


ledge of M. D’Antoni. 


I beg leave to feize this opportu- 
nity of expreffing my wifh, that the 
Royal Regiment of Artillery may long 
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PREFACE. 


Littie apology is neceflary for giving 
tothe public in an Englith drefs, the three fol- 
lowing treatifes, written originally in Italian by 
M. D’Antoni; who, from his extenfive know- 
ledge and voluminous publications, ranks high 
among the military writers of the prefentage, 

_ The objeé& immediately propofed by the au- 
thor in thefe and his other works, is the in- - 
ftruction of the young officers of artillery and 
engineers; and the ftudents in the military 
academies, over which he prefides. From this 
circumftance and from the particular fubjeét of 
thefe treatifes, it may at firft fight be conceived, 
‘that-their {cope is too confined to merit general 
attention; but this objeCion will inftantly vanifh 
me ‘ ; on 
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on the reflection, that from the various combi- 
nitions and calculations, which inevitably enter | 
into the military fyftems of modern days, a 
courfe of ftudy is requifite to form an officer: 
and where can this fo properly commence, as 
with gun-powder ? on the effeéts of which victory | 
or defeat effentially depend. The evolutions of 
{quadrons and the manceuvres of battalions are 
m themfelves neceflary parts of a military edu- 
cation; they ftand in the predicament of many 
other qualitics, which it is reproachful to want 
and not very meritorious to poflefs: ‘* Multa 
“* funt, qu quamvis Cognita non magnam mere- 
«* antur laudem, eadem tandem ignorata non leve 
** poffent dedecus imprimere.” But an officer 
who looks forward to diftinétion will go far- 
ther ; not content with fuperficial knowledge, 
he will trace the military fcience in its progrefs 
from the moft fimple to the moft complicated 
details ; examine the properties and force of 
etch particular agent; and thence form thofe 
combinations, which adapted to cireumftances 
‘and fituations difplay, what is juftly termed, a 
knowledge of the art of war. 

Confidered in this point of view, there can 
be little doubt but that the produétions of M, 
D’ Antoni may be eminently ufeful: for though 
many of the obfervations may have. eccurred 
- ° to 
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‘to fome writer or other before him; yet the 
copioufnefs, and, in general, the originality of 
_ the matter, together with the clearne(fs of the 
_ arrangement, will, it is conceived, render it 
mire fatisfactory and fit for general ufe, than 
any preceding work of the kind. 

It muft indeed be confeffled, that in this 
country, the inducement for an officer to make 
a ftudy of his profeffion is not very great; 
weight of intereft and length of purfe fuperfede 
all neceffity for knowledge or application: few 
will fubmit to the drudgery, requifite for at- 
taining a maftery of the profeffion, fince fuch at« 
tainment avails nothing, opens no avenue to 
rank or emolument, no profpect of advance- 
ment: in the law, .in the church, in other 
lines of life, learning and application have fome 
effe&; in the former particularly, there are 
daily inftances of abilities forcing their way 
through the gloom of friendlefs poverty and 
ftarting into the broad fun-fhine of rank and 
riches: in the military line, few fuch inftances 
occur. 

This picture, however true, ought not tobe 
difpleafing ; on the contrary, it will, on reflec- 
tion prove what every true-born Briton infifts 
en with exultation, that the military is a very 
fecondary order in the clafs of fociety. Every 
; thing 
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thing in the courfe of time finds its levet : 
had the fituation of this country rendered its 
exiftence infeparably connected with a nume- 
rous army; or had an extenfive frontier, expofed 
to the invafion of powerful neighbours, made a 
chain of fortreffes requifite for its protction ;. 
the neceffity of cultivating the military fcience 
would have been felt : confequence would have 
attended the officer, confidered both in his po- 
litical capacity with refpeét to the ftate, and in 
his individual capacity as to his fuperior en- 
dowment, and he would naturally have rifen to 
the higheft level in fociety. But the peculiar 
felicity of our infular fituation, having in a 
great meafure fuperfeded the neceffity of main- 
taining thefe armies and fortreffes, we are fallen 
by a gradation natural to human nature, into 
the oppofite extreme: an extenfive line of fea- 
coaft left totally to the protection of the navy; 
invaluable depofits of naval ftores either wholly 
uncovered, or expofed to be deftroyed by a few 
hundreds of the enemy ; and not a fingle fortrefs, 
where the young men defigned for the army, 
may fce the operations of attack and defence, 
and exemplify the leffons they may have ree 
ceived at their feveral academies or {chools. 

It may be urged that officers cannot be farmed 
in tine of peace, that all the theory in the 

va world 
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world is incompetentto this end: the fallacy of 
this argument, however fpecious it may at firft 
fight appear, is eafily expofed. During the 
gloom of the middle ages, when the fun of 
{cience underwent ’a total eclipfe, and the arts, 
by which the Grecians and Romans had con- 
quered the world, funk with all other {pecies of 
knowledge into one common grave; while: 
armies, in the ignorant fpirit of the feudal fyf- 
tem, were compofed of peafantry drawn toge- 
ther on the emergency, badly armed, and worfe 
difciplined ; there feemed little more requifite 
to direct their endeavours for the fudden and 
fhort: lived occafion, than bravery in the officers. 
But the neceffity of {cience was foon felt: before 
mathematics were applied to the purpofes of 
war, before fyftems of tactics were formed ; 
there was a certain combination of circum- 
ftances founded on calculation and previous ar- 
rangement, which every officer commanding a 
body of troops found effentially neceffary to en- 
fure fuccefs. 

Since the invention of gun-powder and the 
introduction of fire-arms, what was formerly 
the effect of mufcular ftrength, is now the 
refult of folid principles, deduced from theory 
and confirmed by experiment. Hence, war as 
“a fcience, is grounded on certain immutable 


axioms ; 


xiv THE TRANSLATOR’S 
axioms; a knowledge of which, joined to habits 
of refle€tion and an acquaintance with the beft 
‘military writers, will go far towards forming’ 
an excellent officer. 
. Not that experience is to be undervalued, of 
the merit of thofe depreciated, who by dint of 
obfervation have in time acquired a very large 
fhare of practical knowledge, to their own ho- 
nour and the advantage of the fervice; and it 
muft be confeft, that practice unaided by theory 
will in many cafes effe& more, than theory 
without practice can do: yet while we admit 
that experience is our fureft guide, it muft be 
granted at the fame time, that to make judi- 
cious obfervations and accurate experiments; to 
draw juft inferences; not to confound the effects 
of one caufe with thofe of another, and to apply 
our obfervation and experience to the beft pur- 
pofes; is not a very fimple or common thing. 
Happily for mankind, wars are neither fo fre- 
quent or of fufficient duration for an officer to be 
formed by practice alone: the commentator on 
Polybius, whofe voluminous work is ‘fraught 
with excellent maxims and juft remarks, afferts 
that ‘* the Coup d’Oil” that talent by which. 
a general {eizes at once all the advantages pre- 
fented by a country and improves them to the 
utmoft, may be acquired in time of peace by con- 
tinually 
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tinually obferving the varieties of ground offered 
to the view, and for this purpote particularly 
recommends the ‘* chafe.” Now if this branch 
of the military art, which perhaps more than 
any other is the teft of genius, can be obtained 
during peace, how much more muft the fub- 
ordinate parts be within our reach? 

It would exceed the bounds of a preface to 
purfue this idea and point out the plan of edu~ 
cation beft adopted to our natural and political 
-circumftances: the dfcuflion of the queftion, 
why this ifland fo fertile in men of genius in 
all other branches of fcience, has produced fo 
very few men of firft rate talents in the military 
line ; and why we have had few or no wri- 
ters of real, original merit on the fame fubjeét, 
would be naturally involved in the enquiry ? 
let it therefore be difmiffed for the prefent, with 
a hope that the preceding remarks will not be 
deemed altogether impertinent in the preface to 
a didaétic work. 

The felection of the three following treatifes 
has been made from the reft of M. D’Antoni’s 
works, in the defire of diffufing the knowledge 
contained in them among military men in ge+ 
neral; but more particularly among the officers 
of artillery: for it muft be the with of every 
man, that acorps fo eminently ufeful as the royal 

artillery ; 
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artillery ; that has obtained the feal of their good 
condu€t in the approbation beftowed on their 
fervices, by the men that Britain has chofen 
to command her armies for feveral wars paft, 
fhould ftill retain their right to the applaufe of 
the difcerning part of their profeflion and to the 
gratitude of their country. The fentiments of 
an artillery-officer, grounded as he fhould be in 
the feveral parts of military fcience, are in 
every fervice held in high eftimation; a flatter- 
ing diftinction, the right.to which can only be 
preferved by fuperiority of knowledge. In this 
refpect, the very high ftate of improvement 
that the royal academy at Woolwich has at- 
tained, and the numberlefs good regulations that 
have been made within thefe few years paft, | 
prefent a moft pleafing profpect. 
After the recent publications on artillery by 
Doétor Hutton, wherein he has by a feries of 
the moft accurate experiments, eftablifhed cer- 
tain principles and deduétions, as abfolute data 
in gunnery; a tranflation of the treatife on 
gun-powder might by many be deemed fuper- 
fluous; particularly, as it militates againft 
fome of the conclufions drawn by the learned 
profeffur at Woolwich: but whoever reflects 
for a moment, on the various opinions that 
have tor a long time prevailed among practiti- 
oners, 
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‘oners, on. the theory of powder and its action 
on projectiles, will be pleafed to find the opi- 
nions of celebrated men brought forward to 
public view; that the points cn which they 
agree may be laid down as fixed axioms, and 
thofe wherein they differ more fully difcuffed. 
Dr. Hutton, for inftance, afferts that no ftrefs 
whatever is to be laid on the wadding of guns, 
with refpec to increafing the force of the 
charge: D’Antoni affirms the contrary, and in 
this he is fupported by Colonel Thompfon, 
‘who has favoured the world with {feveral 
ingenious papers on gunnery. ‘Truth can only. 
be attained by experiment; and to reafon from 
effects to caufes is the only mode for beings ac- 
quainted with nothing but effeéts: without this, 
caufes can only be conjectured at; and the 
different ideas that have at various times pre- 
vailed on the fubjeé of artillery, is a convine- 
ing proof of the grofs error to which conjecture 
is liable. 

Without entering into the hiftory of the {ci- 
ence, it will fuffice to obferve, that before Ro- 
bins, who was in gunnery what the immortal 
Newton ‘was in philofophy, the founder of a 
new fyftem deduced from experiment and na- 
ture, the fervice of artillery was mere matter 
of chance, founded on no principles, or at. 

b beft, 


xviii - THE TRANSLATOR’S 

beft, but erroneous ones. All the nations of 
Europe have joined in commendation of Mr. 
Robins, and adopted his axioms: yet much re- 
mained to be done; and it was left for the abi- 
lities and profound {cientific knowledge of Dr. 
Hutton, by profecuting his difcoveries on a 
larger {cale, to confirm his conclufions. 

The military reader will not be difpleafed 
with an account of the productions of M. 
D'Antoni and a fhort fketch of their contents: 
being compofed in a language that is not in 
general technically underftood in this country, 
they are lefs known than their merit entitles 
them to be. 

M. D’Antoni’s works confift of thirteen vo- 
lumes in 8vo. the firft in point of publication — 
was the treatife or examination of powder: the 
author, confidering fire as the bafts of all expe- 
riments upon gun-powder, gives in the firft 
part of this treatife a definition of it; and then 
inveftigates its effects on bodies, pointing 
out the feveral modifications it is hable to: he 
afterwards proceeds to analyze fulphur, char- 
coal and faltpetre; the properties of which he 
confiders individually and then collectively, as 
in the manufacture of gun-powder, of which 
he defcribes the various forts. He then lays 
dow? a theory of the inflammation of powder, 

and 
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and deduces a number of inferences praCically 
ufeful and in general coinciding with the re- 
fults of experiments made in this country. In 
the fecond part, after expatiating upon the dif- 
ficulty of meafuring the force of fired gun- 
powder, even when the utmoft care and preciu- 
tion are taken to guard againft error and irregu- 
larity; and thence inferring the impracticability 
of doing it to an abfolute certainty in militiry 
operations, where a thoufand circumflances 
concur to baffle the attempt: he afferts the ab- 
furdity of laying down any rule as regular anid 
conftant; fince the utmoft that can be obtained 
is an approximation, fufficient with a tolcrable 
fhare of intelligence and accuracy for all com- 
mon purpofes, To thisend, he firft confiders 
the force of powder in its moft fimple, and af- 
terwards in its moft complex ftate: then having 
dwelt on its modifications when fired in guns, 
he paffes to an inveftigatiun of the initial velo- 
city of projectiles, of the law of their impulfion, 
and terminates the treatife with experiments 
on the refiftance of the air. 

Having in the former treatife, examined the 
nature and compofition of gun-powder, and 
analyzed it’s properties, the author in the fecond 
work, entitled a Treatife on Fire-arms, applies 
thefe principles to practice: but in order to 

b 2 carry 


xXx THE TRANSLATOR’S 
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carry method and perfpicuity into every part. 
of his fubject, he takes up the matter ab initio; 
and in the firft piace treats. of the refiftance of , 
fire-arms: in the courfe of which, he examines 
- the harduefs and tenacity of the metals employed 
in their conftruction, giving at the fame time 
the method of refining and fufing them, with 
remarks on the feveral proportions in which 
they are to be mixcd together. Then, having. — 
made fome obfervations on the windage, figure, - 
length, and cafting of brafs-guns and mortars, he 
points out the ineonvenie::ces arifing from what 
is called ‘* the running at the vent,” and con- 
cludes with the feveral methods of proving and 
examining new guns. ‘The fecond part of this . 
work is entitled ** On Projectiles ;” he explains 
the duty of an artillery-officer, both on battery 
and in the field, as far as regards the initial velo- 
city of fhot, the path of the fhot’s flight, and 
its effe€ts upon works ; and caleulates the num- 
ber of men, that may be killed or wounded in 
action, both by round or cafe-fhot fired from 
guns of different calibres at various pofitions of 
the enemy. He draws a comparifon between 
the effects of the howitzers and field pieces, 
and finifhes. with a chapter on fhells projected 
from mortars. 
The various properties of ; owd-r being thus 
afcertained, 
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afcertained,: and its application to fire-arms 
fully confidered; the author as a neceflary con- 
‘fequent, treats in thethird work, ‘* Of the Ser- 
*¢ vice of Artillery in the Time of War,” begin- 
ing with the attack of places; in the courfe of 
which he developes, the firft difpofitions for 
laying fiege to a fortified town, wherein are 
comprehended the proportion of guns and ftores 
for the attack of fortrefles; the precautions ne- 
_ ceffary to to be taken for enfuring the fafety of 
the convoys; the fituation of the park; the 
conftruétion of the firft, fecond and third bat- 
teries; the attack of the countermines and the 
furrender of the place: diftinguifhing the feve- 
ral kinds of fieges, and giving directions for 
difmantling and blowing up the works of a re- 
duced fortrefs. The fecond part includes the 
whole fcience of defence; the author is parti- 
eularly diffufe on the fubject of mining, and lays 
down rules for the defence of a place conftructed 
ona fy{tem of demolition. The third part treats 
of the field fervice of artillery: to convey to 
artillery officers an adequate idea of this effential 
branch of their profeflion, he enters into the 
formation of an army, and the fyftem of tac- 
tics, and lays down difpofitions for the march 
and encampments of armies, and for parking 
the artillery: in the next place, he gives the 
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method of difpofing the artillery in the day of 
action; and its ufe in the defence and attack 
of field-works, together with the principles of 
their conftru€tion; whether for covering a 
country or intrenching an army: and con- 
cludes with the duties to be performed in can- 
tonments and winter quarters. Although thefe 
three treatifes did not immediately follow each 
other in point of time, yet as they are in a 
manner connected together and form the fub- 
ject’ af the following work, it was deemed ex- 
pedient to clafs them together. 

The firft book of military architecture is 
prefaced with a general idea of fortification and 
of the art of war, with a fuccin& account of 
the writers on thofe fubjets. The fituations 
proper for regular fortifications are pointed out, 
wih rules and dire€tions for the conftruction 
of the body of the place, and out-works of 
every denomination. 

This firft book containing as it were, the ele- 
ments of fortification, which is confidered un- 
der three heads, viz. the ancient, the primitive 
modern, and the prefent fyftem, 1s followed in 
natural order by the fecond volume, compre- 
hending the attack and defence of regular for- 
tifications. 

The third comprehends the maxims and 

principles 
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principles of fortification; with remarks on 
the various fyftems that have been hitherto 
publifhed, and direétions for dilpofing the 
mines in a regular fortrefs. 

The fourth includes the whole fyftem of irre- 
gular fortification. 

The fifth treats of the materials ufed in the 
conftruction of works, with diretions for afcer- 
taining their feveral qualities; and concludes 
with a chapter on hydraulics, and on works 
that are to be occafionally made in water. _ 

The fixth comprizes irregular attack and de- 
fence, and the fyftems of field fortification. 

In the two volumes on natural philofophy and 
mechanics, ftiled‘* Phytfico-mechanical Infti- 
#* tutious,” the author treats of the various 
branches of thofe fciences which he efteems 
indifpentably neceffary for an artillery officer to 
be acquainted with, and enlarges on chemiftry 
and metallurgy, which are brought into practice 
in the analyfis of powder and the treatife on 
fire-arms, 

The practice of artillery in time of peace, 
contains rules for examining and proving guns, 
fhot, fhells and powder; with the dimenfions 
of pieces of ordnance, and of the carriages ufed 
in the fervice of artillery; the conftruction of 
the furnaces and moulds for cafting cannon, and 
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the duties of the laboratory and arfenal are ex- 
plained. 

In the effay ‘* On the Management of Guns, 
&c.” are comprehended. direGions for uling 
the feveral machines, as the gin, capftan, &c. 
and difpofitions for pofting the men numerically 
to the feveral duties. 

This is a flight fketch of the contents of 
thefe volumes, which altogether form a com- 
plete fyftem of artillery and engineering ; and 
perhaps, in a future day, fome individual whofe 
leifure permits may favour the public with a 
tranflation of them: well would the editor of 
this work deem his labours requited, fhould his 
example excite others of the corps to purfue the 
fame route; a route, not ftrewed, “tis true, 
with many flowers, nor leading either to the 
temple of fortune or of fame, yet abounding 
with objects fufficient to afford matter of obfer- 
vation and reflection to a contemplative mind. 

It will be a fource of fatisfa€tion to profef- 
fional men to obferve, that the fame ideas and 
modes of practice prevail among men of genius in 
different countries. M. D’ Antoni, for inftance, 
makes frequent applications to chemiftry, and 
recommends it in common with other branches 
of natural philofophy ; a courfe of chemical 
lectures is eftablifhed at Woolwich by the 

. matter 
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" mafter-general of the ordnance: Whoafter this. 
concurring teftimony can doubt, that chemiftry 
enters into the education of the complete officer ? 
A former mafter-general laid a foundation for 
theoretical and practical knowledge by found- 
ing the royal military repofitory; where the 
inventions of ingenious men of all nations in 
the military art may be collected together 
and difplayed both in models and books: M. 
D’Antoni refers his reader frequently to the’ 
models in the royal {chools; as to aplace, whence 
he may draw from actual obfervation the moft: 
accurate knowledge with refpect to the con~ 
ftruction and mechanifm of military machines. 

The repofitory in both countries has been 
equally productive of a further good: in Turin, 
it has led to the compilation of a kind of mae 
nual of artillery in the two books entitled ‘* the 
‘© Practice of Artillery and the Effay on the 
‘© Management of Guns, &c.”: with us, weare 
indebted to the exertions and abilities of Major 
Congreve for the eftablifhment of a plan of ex« 
ercife, and a fy{tem of practical knowledge. 

It would be tedious to dwell on all the points 
wherein thefe two fyftems agree; the artillerift 
who has made himfelf mafter of the principles 
eftablifhed at Woolwich, will on a perufal of M. 
D’Antoni’s works find them fully confirmed at 

| Turin, 
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Turin. Similar inftitutions at the fame time 
and at different places prove their own pro- 
priety and utility: one man or fet of men may 
err; men of liberal minds and comprehenfion 
of intelleét in different countries thinking alike, 
can hardly think wrong. 

It would be a pleafing theme to a man, who 
regards with any enthufiafm the future profpeéts 
of the corps of artillery, in refpeét to know- 
ledge and emancipation from prejudice, to 
dwell on the feveral ufeful and falutary regula- 
tions that have within thefe few years paft been 
adopted: but, the enumeration which would 
gratify zeal, would be irkfome to indifference. 
One inftitution, indeed, from its general good 
to the country merits particular attention. If 
Britain ranks high in the fcale of nations, fhe 
is indebted for that pre-eminence to her mari- 
time force; the fecond point in that force, is her 
naval ordnance: the eftablifhment, therefore, 
of the office of intpector of artillery became a 
very important confideration; the number of 
guns defective in eflential principles was become 
a matter of ferious alarm; the artifices of con- 
tractors and the ignorance of founders made it ne- 
ceflary, that officers of knowledge and refpeéta- 
bility fhould be appointed to the fuperintendance 
ef that department: the inftitution took place 

under 
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under the direction-of Major Bloomfield, and the 
good effects refulting from it are too recent to 
need recapitulation. 

There are fome points in which M. D’ Antoni 
differs widely from the commonly received 
opinions: in his proportion of ordnance and 
ftores for the attack and defence of places, 
he omits howitzers and includes a large pro- 
portion of mortars. It is doubtlefs an object, 
highly worthy the attention of profeffional 
men to inveftigate, how far mortars can in 
mott cafes fupply the place of howitzers. The 
abfurd idea of fixing them in their beds at a 
certain elevation is at length, to the credit of 
the prefent day, in a fair way of being explo- 
ded: the adoption of Captain Lawfon’s mode 
of elevation, which feems at once to unite’ 
ftrength and fimplicity, the two leading fea~ 
tures in military mechanics, will go far toward 
the completion of this obje&t. The field-how- 
itzer, notwithftanding the apparent fairnefs of 
M. D’Antoni’s comparifon, will ftill maintain 
its ground: it is true as he afferts, that the 
moral effects of howitzer-fhells cannot be cal- 
culated; yet, fuch is the conftitution of human 
nature, that though we cannot afcertain to 
mathematical precifion the force of terror, we 
are neverthele{s certain that it works wonderful 
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effects on the moft ftupid as well ason the moft 
enlightened minds. His general condemnation 
of light, fhort guns is deduced from the faireft 
of all principles: the only true criterion to 
judge of the efficacy of field artillery, is their 
relative effects when compared with mufquets; 
- whenever the fire of artillery can only produce 
an effect a little greater than a few files of muf- 
queteers can, no man who confiders impartially 
the advantages and difadvantages attending the 
vufe of each fire-arm will hefitate to declare, 
that the artillery fhould be difufed. In faying 
this, there is no reafon to dread that artil- 
lery will lofe any of its credit; profeffional 
men will ever know how to eftimate its confe- 
quence ; it is only Ly bringing forward guns, 
that cannot produce the effect expected from 
them, that the fervice of artillery can be 
brought into difrepute. The infantry form 
the foul of an army; it is to fupport and 
ftrengthen their difpofition, that guns are 
brought into the field. Each arm has its par- 
ticular attribute : to theinfantry, belong folidity 
and firmnefs; to the cavalry, velocity and weight 
of charge; and tothe artillery, length of range 
and irrefiftible force. As well would a f{qua- 
dron of cavalry, whofe utmoft velocity could 
not exceed the quick march of infantry, anfwor 
the 
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the purpofe of cavalry ; as a gun, whofe range 
with certainty. would not much. exceed the 
range of ‘a mufquet, an{wer the purpofe of ar- 
tillery. The reveries of {peculatifts, or the 
crude, ill-digefted produtions of mere practi- | 
tiouers are equally to be rejected. The pers 
fection of artillery is to unite folidity with 
lightnefs, fimplicity with ftrength, and to add 
length of range to certainty of execution: who» 
ever does the moft toward attaining thefe ob- 
jets, is beft intitled to the gratitude of his 
coyntry. | 

There are a few terms ufed in the courfe of 
this tranflation that may require a fhort expla- 
nation. <A fy/ftem of demolition implies a fyftem - 
of fortification, where the works are connetted. 
together by arches thrown over ditches, or in 
any fimilar manner; and where the exterior. 
work may be demolifhed or taken pofleffion of. 
by the enemy, and the communication de- 
ftroyed, without the interior work being in the. 
leaft degree expofed or weakened. In fhort, 
it is an improved mode of making intrench- 
ments in the baftion and ravelin and behind the 
curtain: its invention is attributed to Bu/ca of 
Milan, who wrote in the beginning of the laft 
century. 

. In treating of mines, the word provyfonal has 

been 
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been adopted; fince thofe works which the 
author terms branches of precaution, are not 
only intended as /jfeners, but to be alfo occa- 
fionally converted into galleries and chambers : 
they differ from the permanent works in not 
being made before the fiege, whereas the per- 
manent ones are conftructed previous to it. 
All foreign words have been as much as poffi- 
ble rejected: why our language fo rich in 
other refpects fhould be fo poor in military 
terms, it is difficult to account for; unlefs it 
be from the abfurd vanity of fhewing a know- 
ledge of foreign languages. Surely there is fuffi- 
cient ftrength.and copioufnefs in the Englifh lan- 
guage to exprefs our ideas; nor have we fhewn 
any backwardnefs in adoping new terms when 
neceflary ; yet we ought to be careful of ‘* na- 
“© turalizing ufelefs foreigners to the injury of 
“© the natives ;"" and rather form a word from 
our own ftock than admit needlefs circumlocu- 
tion or foreign idiom. Dr. Johnfon left much 
to be done with refpect to technical terms; but 
it is to be hoped that the Oxford Lexicographer 
will amply fupply this deficiency; and not 
leave the military language a prey to every petty 
innovator. A ftandard of terms fhould be 
fettled: this can only be done under the autho- 
rity of fome judicious compiler, who may 
ftamp 
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ftamp a lawful currency on fterling words, 
and profcribe thofe that are unneceflary or im- 
proper. 

It cannot efcape the intelligent reader, that 
M. D’Antoni has adapted his direétions for the 
conduct of officers, to the meridian of his own 
country: Turin has the Alps on one hand and 
the plains of Lombardy on the other; the greater 
part of the wars in which the Piedmontefe have 
been engaged, have been in the Alps, the fron- 
tier towards France and Savoy; and fome of 
their ftrongeft fortrefles are exprefsly for the 
defence of the pafles of the mountains: this 
will account for the frequent introduétion of 
remarks on mountainous fituations. 

A comparifon between the Englifh and Sar- 
dinian artillery will prove that there are many 
points wherein our fervice is better arranged, 
and many inftances where we have the advan- 
tage of them in refpect to mechanifm and the 
making up of ftores: but this will detract no- 
thing from the goodnefs of the general prin- 
ciples, nor invalidate in the fmalleft degree the 
juftnefs of the author’s obfervations. The dif- 
ference of the two fervices in one refpect is 
particularly ftriking: with us, the engineers 
are accuftomed to conftruét the batteries, the 
artillery officer having little more to do than 

prepare 
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prepare the ftores and fight the guns: in the 
Sardinian, and indeed, in moft other fervices 
on the continent, the artillery officer plans the 
batteries in conjunction with the engineer, and 
conftruéts them himfelf: how far this method 
may be advantageous, it would be forcien to 
the prefent purpofe to difcufs. Should it appear 
that M. D’Antoni brings the artillery officcr 
too much to the fure ground of the picture, it 
ought to be recollected, that he profeffes to 
regard artillery only, as one of the principal 
conditions in the conftitution of an army; and 
perhaps fome little allowance may be made for 
predilection to a favorite fervice. 

The tranflator had at one time an intention | 
of fubjoining by way of note, remarks on the 
feveral conclufions drawn by the author in the 
courfe of this work ; and comparing them with 
the received opinions of the Englith and French 
artillerifts, and with the difcoveries and im- 
provements made in the feveral branches of 
{cience on which he treats: but befide, that an 
ample difcuffion of thefe feveral points would 
have {welled into a voluminous commentary, 
it might have involved him in controverfies in 
which neither his trme nor his inclination pers 
mitted him to engage. 

A fecond plan was merely to give fuch re- 
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marks as neceflarily grew out of the fubject: 
but this was abandoned, as imperfect; and the 
reader is left entirely to the fuggeftions of 
his own mind, with refpeét to the merits or 
demerits of the work, The tranflator has only 
taken advantage of the different genius of the 
language, to condenfe as muchas poffible, what 
he conceived to be, the meaning of the origi- 
nal; and has left the mathematical and alge- 
braical parts exactly as they- ftood, with the 
fimple alteration of the weights and meatures. 
To have fhewn by notes, as was intended, the 
conftruction of the theorems would have been 
an operation of great length; the mathematical 
reader is therefore referred to the Phyfico Me- 
chanical Inftitutions. All the weights and 
nveafures are reduced to the Englith ftandard: 
this, though a work of much labour, was 
deemed neceflary; and indeed without it, a 
tranflation would be very defective. The fame 
denomination is left to the guns to diftinguifh 
their feveral natures, as in the original; it 
being found that they correfponded to natures 
unufed among us and to fractional parts: it 
was therefore apprehended that the moft fim- 
ple mode was to leave them as they were; the 
reader having only to recollect that the 32 pr. 
correfponds to the 27 pr. Englifh; the 16 pr. 

c to 
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to 134; the 8 pr. to 6%; and the 4 pr. to 43. 
One alteration indeed was judged neceflary in 
{peaking of guns: they are divided by M. 
D’ Antoni into two kinds; viz. heavy and light: 
but the term light when applied to guns of that 
‘length and weight appeared fo inapplicable to 
our idea of light guns, that the tranflator has 
taken the liberty of ufing the term megium guns, 
being an expreffion familiar to an Englifh artil- 
lerift: referving the term light for thofe fhort, 
light guns which M. D'Antoni propofes for 
fallies, &c. 

Some difficulty occurred in fixing the precife 
proportion between the Picdmontefe and En- 
glifh weights and meafures. The Piedmontefe 
artillerifts ufe the Lyprand foot: now the 
length of the fecond-pendulum at Turin being 
34 of this foot, and at London 391% Englith 
inches; the foot Lyprand of 12 inches, making 
a very {mall allowance for the difference of lati- 
tude, is equal to 20.23457 Englifh inches. 
The accuracy of this proportion is confirmed 
by the ratio between the diameters of the Pied- 
montefe and French fhot, as laid down by M. 
D'Antoni. -The French 24 pr. fhot is equal, 
he fays, in diameter to the Piedmontefe 32 pr. 
and the French 24 pr. being known to be equat 
to she Englith 27 pr. the former proportion 

anf{wers 
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anfwers very exactly for the diameters of the 
fhot. Having thus eftablifhed the relative dia+ 
meters of the fhot, it was eafy to determine 
their weight; and thence, the proportion be- 
tween the Piedmontefe and Englifh pounds ; 
which is as 1°00 : ‘82, or the Piedmontefe pound 
is 130z. 2dr. Englifh. It is true, that this 
differs from the common ratio eftablifhed in 
the tables of the weights of the feveral nations 
of Europe, but agrees with Fergufon’s table 
inferted ‘in his traéts; wherefore we may con- 
clude that in Piedmont, as in moft‘other coun- 
tries, there are two weights. The relative 
numbers in the tables in the fecond treatife are- 
unaltered, as they would ftill have borne the 
fame proportion to each other; but the ranges 
and lines of defcent are exprefled in Englith 
meafure. . 

In fine, the tranflator trufts that this work 
will prove an ufeful addition to the foldiers 
library: with regard to the merit of the ort- 
ginal, he can only fay in fupport of his own 
judgment, that it has been deemed worthy 
’ of tranflation into the French language by offi- 
cers of high rank. The Treatife on Pow- 
der was tranflated by M. le Vifcomte de Fla~ 
vigny: the Treatife on Fire-arms, by M. le 
Marquis de St. Auban, licutenant gencral in 
. ¢ 2 the 
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the French fervice; who thought the evening 
of a life, during which he had made 17 cam- 
paigns, had been prefent at 38 battles or fieges, 
‘and had ferved 46 years, well and ufefully 
employed in giving to the officers of artillery, 
in which corps he had acquired great reputation, 
a work that he deemed excellent: the third 
treatife was tranflated by M. le Chevalier de 
Mont-Rozard, lieutenant colonel of artillery, 
en officer of great merit and experience. Thefe 
concurring teftimonies, joined to the opinions 
of fome officers in our fervice of great profef- 
fional knowledge, induced the tranflator to offer 
the following work to the public. He was 
well aware, that in the performance, two duties 
would neceffarily be exaéted from him; the one 
ht owed to the author, the fecond to the pub- 
lic: by the former, he was bound to give the 
tenie of the original with fidelity and accuracy ; 
by the Intrer with perfpicuity and concifenefs. 
How far thefe objects may have been fulfilled, 
is left to the public to decide: to that tribunal 
he {ubmits in the confidence, that if his abtlities 
have by any means been equal to his zeal, the 
Verdict muft be in his favour. 
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GUN-POWDER. 


FIRST PART. 


Or THE PROPERTIES OF GUN=-POWDER. 


The properties and effed?s of Gun-powder can only be afcer~ 
tained by the means of Fire: let us, therefore, in the firft 
| place, examine the nature of Fire itfelf', according ta the 
dottrine of thofe philofophers, who, by the clofeft invefti- 
gation of its effects, have endeavoured to explore its prin« 

- . ciples and caufes. 


CHAP. I. 
‘Or Fire, 
I HE celebrated Herman BoeruAAve, whofe opi- 


nions have been adopted by the moft eminent chemifts, 
could only, after a long fer:es of experiments, difcover a 
few of the properties from which fire has derived its feveral 
denominations; according to the various modifications under 
which it prefents itfelf to our fenfes. 

1. Pure fire is called fre, felar matter, light and beat: 
under this idea it is conceived to be a fubftance effentially 


fluid, compared of particles very fubtle, and continually agi- 
A tated, 
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tated, though not always in the fame degree. The learned 
Beccari has proved that it exifts in all places, and in 
almoft all bodies, without being able to decide whether it 
be a conftituent and effential principle. A gentle friction 
of a globe of glafs in the eleétric machine, fhews that 
every thing partakes of it; ayd two hard bodies rubbed 
violently together gradually graw warm, and at length emit 
fparks and flame according to their feveral qualities. 

2. Fire, which feems to pafs from a fluid to a folid ftate, 
and become a part of the body, as the inflzmmation of 
fome bodies evidently fhews, is called combuffible matter, 
ulphur, the food of fire. and philogifton. 

f - One fh the Yee Cee. of fire, confdered as 
folar matter, light, &c. (1.) is to eafily penetrate bodies, 
by infinuating.itielf into them equally, and expanding them 
fo as to caufe a disjunction of the component parts when in- 
troduced in quantity. But the facility with which fire effects 
this is different, according to the qualities of the bodies it 
‘enters: there are even fome which, far from being dilated 
by the action of fire, are contra@ed; as wood, animal bo- 
dies, &c. 

4- Another charaéter of fire is, to render fubftances lu- 
minous, either by means of the flame which breaks from 
them, or by their becoming red. 

5. Fire, confidered as combuftible matter, fulphur, phlo- 
gifton, &c. (2.) caufes-no change in the body in which it 
refides, nor does it communicate to it either fight or heat, 
unlefs it pafs from a quiefcent ftate to ignited motion, oF 
inflammation. 

6. The different effects of the firlt {pecies of fire may be 
confidered under three heads. : 

1. In a determined fpace. 

2. As actually exifting in a body. 

3- With regard to the manner and Jaw in which it 
enters and expands bodies of different natures. 

y. Confidering fire in a determined fpace, we find that, 
as its quantity and velocity may vary, fo alfo in the fame 
proportion will its activity and efficacy be different; as may 
be obferved in burning glaffes, refleGting telefcopes, &c. 
‘The activity and efficacy of fire can only be aicertained by 
the expanfion of bodies, and the disjunétion of their parts ; 
but hitherto the method of meafuring exactly not only the 
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quantity and velocity of fire feparately, but ever its abfolute 
effeéts on bodies, are unknown. ‘The point to which 2 
body entirely deprived of fire can be condenfed is equally 
undetermined with the firft inftant of its expanfion. The 
condenfation of mercury, produced by a certain quan- 
tity of fal ammoniac and {now mixed together, is, in the 
contruction of thermometers, the lowelt point that we 
know; while that; from experiments made in more northern 
climates, it is clear that mercury can be much more cona 
denfed. In the conftruction of pyrometers, the point of the 
greateft condenfation depends on the variable temperature 
of the atmofphere, Thus thefe two inftruments ferve only 
to fhew, by their graduation, the difference of expanfion, 
according to the degree of fire that they contain or are 
etrated with. - 

8. The activity of fire confidered as aQually exifting in 
a body, (6. N° 2.) depends not only on the quantity and 
velocity of the ignited matter, but alfo on the mafs of the 
body in which it exifts. On attempting to reduce two fluids 
of unequal denfity to the fame temperature, the moft denfe 
requires the greateft degree of heat: thus, when the activity 
and degree of fire which the two bodies contain are pro- 
portional to their refpective maffes, they are equa‘ly hot. 
On touching two bodies of unequal denfity, reduced to the 
fame temperature, the moft denfe appears the ‘hottelt; be- 
caufe the hand being in contact with a greater number of 
particles in the denfer body, the fenfation excited is propor. 
tionally ftronger. 

g. The manner and law (6. N°3.) under which fire 
penetrates bodies, is modified by the degree of its activity; 
the time of application, and the fuperficics, quality, and mafs, 
of the furrounding bodies; for fhould any one of thefe 
circumftances vary, a different modification will refulr, Put 
into the fame fire two pieces of iron of the fame quality, 
but of different fizes, the finaller piece will become hot 
much fooner than the larger one; and if the furface of the 
larger piece be increafed by flattening 't with a hammer, 
it will become hot in lefs time. ‘This civerfity of effects 
may be equally remarked on comparing a piece us iron with 
a fione, or any other body, put into the fanie fire. 

Thefe obfervations on the facility with which fire infi- 
nuates itfelf into bodies, are equally applicable to the taciliny 
. ; A2 with 
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with which it quits them, and diverges from its focus: for 
when the quantity of fire in any body is greater than in the 
atmofphere or other furrounding bodies, it quits that body, 
and removes from it, fpreading itfelr equally on all fides; 
its activity diminifhes in proportion to its diftance from the 
body which it quitted, and its extenfion depends on its 
excefs over the external fire, on the time of application, 
the fuperficies, quality, and mafs, of the furrounding bo-~ 
dies. 

10. Having thus examined thewarious circumftances that 
tend to modify the effects of fire, let us now confider thefe 
modifications with refpect to the ignition and deftruction 
of combuttible bodies. Whether the ignited motion excited 
in a combuftible body appears under the form of flame, or 
burning coal, it is always produced in two manners; either 
by applying to the combuftible body a quantity of external fire, 
or by increafing the mation of the fire that exifts in it. 

11. From the facility with which combuttible bodies take 
fire, they may be ranged in two claffes. In the firft may 
be placed fpirits of wine reCtified, fulphur, &c. in which, by 
applying fire to any one part, it is communicated to the 
whole mafs, fo as to produce a total deftru€tion. In the 
fecond clafs may be ranked coal, the greater part of vege- 
tables, &c. in which fire can be propagated only by a con- 
tinued application; by increafing the motion in the ignited 
parts; or by placing the bodies in fuch a manner, that the 
fire, in efcaping from the burning particles, may meet almoft 
inftantaneoufly thofe not yet ignited. 

12. The degree of ignition varies according to the dif. 
ferent qualities of the bodies themfelves; for a greater degree 
of fire is requifite in proportion to the rarefation of the 
furrounding air, or to the difficulty of removing from the 
ignited body fmoke or other fubftances which do not ferve 
as food to fire. In both thefe cafes, it is neceffary either 

continually to apply frefh fire, or to increafe the motion 
of that which already exifts in the body. 

13. From thefe premifes, it may be inferred, that fire 
admits of infinite diverfity in its effects, arifing not only 
from the time of application, the fuperticies, quality, and 
mafs, of the bodies to which it is applied, and which fur- 
round it, but even from the modifications that enfue from 
the quantity and velocity of the ignited matter. 

14. Where- 
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yg. Wherefore, the force of gun-powder fired in muf- 
quets, cannon, mortars, mines, &c. being in proportion to 
its inflammation, its effe&s muft inevitably be modified by 
the quantity and the proportion of the ingredients, the tem- 
perature of the atmofphere, and other circumftances that will 
be hereafter pointed out. And fince it is not in our power 
to determine every point that affects its inflammation and 
total confumption, we cannot be always certain of producing 
the fame effects with the fame quantity of powder fired from 
the fame piece of ordnance. 


CHAP, II. 


Or Surpuur, SALTPETRE, AND CHARCOAL, 


15. SuLPHUR is a fubftance compofed of vitriolic 
acid and a combuftible matter. It is ranked in the clafs of 
minerals, becaufe it is extracted from the bowels of the 
earth, When expofed to a moderate degree of heat, it 
liquefies, and fublimes in little tufts called flowers of /ul- 
phur: thus it is purified -from heterogeneous fubftances by 
fublimation. 

16. The property of fulphur is to take fire, inflame, and 
be entirely confumed, when expofed in the open air to a 
ftronger fre than that which will liquefy it. It is made ufe 
of in the compofition of gun-powder, becaufe the ignited | 
motion is eafily propagated in it. 

17. The facility with which fulphur takes fire and burns 
depends on the rarefaction of the furrounding air. To 
burn it in an exhaufted receiver, it requires a continued ap- 
plication of a much greater degree of heat than would 
inflame it in the open air: the receiver fhould alfo be of a 
fize proportioned to the quantity of fulphur, left the core 
denfation of the {moke prevent its total confumption. (12.) 
The only method of decompofing fulphur is by burning ; 
which deftroys the combuftible matter, and the vitriolic acid 
exhales in vapour. 

18. Charcoal, ufed in the compofition of gun-powder, is 
‘defined to be a body compofed of a combu/fible matter, and 
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of the denfe earthy particles contained in vegetables. In 
making charcoal, the vegetables are burned in fuch 2 man~ 
ner, that they do not inflame; and then the combuftible 
Matter unites itfelf intimately with the moft denfe earthy 
particles. Charcoal can only be decompofed by fire; which, 
at the beginning of the ignition, feparates the combultibie 
matter from the earthy particles; which are then termed 
cinders. 

, 19. When charcoal is expofed in the open air to a fuffi- 
cient degree of fire, its property is to burn and be con- 
fumed. It fometimes emits a little blue flame; but more 
frequently fparkles, and becomes red, without emitting any 
flame. If, in this ftate, it be agitated by the wind, it 
appears of a more lively and brilliant red in proportion to 
the force of the wind, and is fooner reduced to cinders. 
From this property it enters into the compofition of gun- 
powder. 

20. Generally fpeaking, charcoal appears red only when a 
tage degree of fire is applied to it than will burn fulphur : 
the propagation of the ignited motion, and its total con- 
fumption, are effected more flowly than in fulphur. Thefe 
effects differ according to the quality of the charcoal: that 
which is the lighteft, or which contains leaft of the denfe 
earthy particles, takes fire and is confumed the quickeft. 

’ a1, The more the air is rarefied, (12.) the more diffi- 
cultly charcoal burns, and the greater degree of fire is 
requifite to keep it red-hot. 

22. Saltpetre is formed from a combination of the nitrous 
acid with a fixed alkali. It is extracted principally from 
animal and vegetable fubftances, found in a putrefcent ftate, 
mixed with ftones, earths, and plaifters; and is feparated 
from them by bgiling them in a water impregnated with 
a fixed alkali. The falt chryftalizes in long filaments, lying 
the one upon the other. ‘This is the only method of puri- 
fying it ; and muft be repeated two or three times, accord~- 
ing to the quantity of the heterogeneous matters. When, 
by this procefs, the faltpetre has been well puritied, it has 
always the fame properties, from whatfoever fubftances it 
may have been extracted. 

23. Its properties are, to diffolve in water, more fully in 
boiling tlan in cold water; and to liquefy, by a greater 
degree of heat than is required to liquefy fulphur. If the 

- heat be increafed while the faltpetre is in fution, it fublimes 
: in 
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in vifible particles; which, collecting together on the upper 
part of the veffel, are called flowers of mire. To feparate 
the acid from the alkali, without putting the faltpetre in 
contact with a combultible body, it is neceffary to expofe it 
a long time to a very ftrong fire; and even then the decom- 
potition is brought about very flowly. 

24. If a coinbuftible body, containing a fufficient degree 
of heat, touch faltpetre, a very fierce flame is excited at the 
point of contact, accompanied with detonation and a wind, 
which increafes the activity of the fire. In this operation 
the acid is feparated from the alkali, and diffipated. The 
combutftible body is inftantly confumed, and the alkaline 
refiduum is termed decompofed or fixed nitre. 

25. This decompofition of faltpetre takes place equally in 
the open air and in vacuo; provided that, in vacuo, the 
action of the fire be fufficient to keep the combuftible body 
(12.) in a ftate of ignition. 

26. Saltpetre may be decompofed by fire in two ways. 

1. By coming in contact with an ignited combuftible 
body when in a folid ttate. 

2. Or by communicating, when in fufion, the ignited 
motion to a combuftible body in contact with it. 

27. In the firft cafe, by applying burning charcoal, the 
decompofition begins and continues til] the faltpetre or the 
charcoal be entirely confumed. To effe& the deftruction of 
both at the fame time, the quantity of charcoal muft bé pro- 
portioned to the quantity @f faltpetre. “he better the fub- 
flances are mixed togethar, the more immediate will be the 
contact between the feveral parts, and the fooner will both 
be confumed. ae 

28. Burning fulphur not being able of itfelf to decompofe 
faltpetre, charcoal is added to it. Now charcoal of every 
kind burns when expofed a fufficient time to the action of 
burning fulphur; yet this takes place fooner or later in pro- 
portion to the dehfity gf the charcoal, or to the quantity of 
denfe earthy particles ; wherefore, that the fire produced 
from the fulphur may be fy@jcjent to burn all the charcoal, 
the quantity of each mult be exadcily proportioned, and at- 
tention paid, at the farhe time, to the quality of the charcoal. 

When this proportion is determined, a quantity of falt- 
petre added, and the three fubfances well ground toge- 
ther, in order to render the inflammation more inftanta- 
neous, even then the effects vary; for if the faltpetre be 
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in too great a quantity, the combuftible particles being - 
too far feparated, the fire applied to one part will not be able 
to fpread to the others; or the combuftible particles, being 
in too fmall a quantity, will be confumed long before the 
faltpetre. If, on the contrary, the faltpetre be in too fmall 
a quantity, it will be confumed before the other two ingre- 
dients: wherefore, that the deftruction of the three may 
begin and end at the fame time, they muft be mixed in a 
jult proportion. As foon as the faltpetre begins to be de- 
compofed, the wind (24.) generated from it, renders the 
heat of the charcoal more intenfe, increafes the aCtivity of 
‘the fire, and accelerates the total deftruction of the whole. 


qs 

29. This decompofition of faltpetre, by the application of 
charcoal and fulphur, is fimilar to the procefs that takes 
place when powder is burned in the open air, or in: fire- 
arms. 

30. It requires a greater degree of heat to decompofe 
faltpetre in the fecond manner (26. N° 2.) than in the 
Grit. : 


Fic. 1. To the plate AB of the pneumatic machine, 
fix athin thimble C, of beaten brafs, with the con- 
yexity downward; put into it a mixture of faltpetre, 
fulphur, and charcoal; and apply a red-hot iron con- 
cave in D, fo that it may exactly admit the convexity 
of the thimble: in a fhort'time the mixture will ex- 
plode, and be entirely confiitied. Put again into the. 
thimble an equal quantity af the fame mixture, and 
place above the plate a glafs receiver, from which pump 
out fome of the air, then’the red-hot iron being applied 
as before, the explofioh Will not fo foon take place. 
If the air be entirely exhavwited, the decompofition of 
the faltpetre will-Abe begin t#lboth it and the fulphur 
are liquefied, aft fail into ebuflition. 

Re) oe i 


nin Pi a 
31. To burn powder ib vacua, the fecond method mutt 
be ufed; for. it will not expbade before it be reduced to a 
ftate of liquefa&tion, and an ebullition enfues. 

2. On decompofing faltpetre in either of thefe methods, 
if the veffel be fuffered to cool, and a fmall aperture be 
opened, an air will be inftantly perceived to rufh out, with 
_ a force proportioned to the quantity of faltpetre ufed in the 
experiment. 
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experiment. This air proceeds from an elaftic fluid gene- 
rated at the decompofition of the nitre, and is effentially 
different from the fmoke which, after a little time, fixes upon 
the infide of the veflel, and produces no effect. On the con- 
trary, the elaftic fluid proves its force and effects after a 
confiderable interval of time ; whence may be inferred, that 
it is a pele kde fluid, and in it confifts almoft the whole 
force of gunpowder, It may be further obferved, that this 
force is always increafed by heat. 

33- When the experiment is made in the firft method, 
(26. N° 1.) inaclofe veffel, with a quantity of fulphur and 
charcoal fufficient to decompofe the nitre, if the veflel be too 
{mall, or a confiderable time be requifite to effect the decom~ 
pofition, on account of the want of fufficient proximity in’ 
the nitrous and combuftible particles, the redundancy of the 
{moke inclofed in the veffel will retard the operation, the 
combuftible body will lofe its heat, and recourfe muft be 
had to the fecond method of continually applying freth fire. 

34. The following experiment proves that the permanent 
elaftic fluid proceeds from the faltpetre alone. Let a quan- 
tity of fulphur and charcoal be burned in a clofe veflel, the 
veffel be fuffered to cool, and a hole be opened, no wind will 
be perceived to iffue: from this and other experiments, it is 
clear that no permanent fluid is produced by burning toge- 
ther thefe twa combutftible bodies. The fmoke, neverthelefs, 
is elaftic when hot; but fo foon as it is deprived of heat, 
it not only entirely lofes its ela(ticity, but even abforbs a por- 
tion of the common air, and a part of the permanent elaftic 
fluid generated from the nitre, whenever this fluid mixes 
with the fmoke; as will be thewn hereafter. 

35- From thefe experiments, and others that might be 
made on the fame fubje@t, the following properties‘ may be 
deduced— 

1. A certain degree of heat is requifite to fet fire to the 
combuttible bodies, and decompofe the nitre. 

2. The degree of heat muft be increafed in propor 
tion to the rarefaction of the furrounding air, or to the 
denfity of the fmoke. 

3- The decompofition of the nitre being always 
progreffive, the more intimate the mixture, and the 
jutter the proportion of the combuftible ingredients, 
the fooner will it be effected, 
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4. In the decompofition of faltpetre, an elaftic fluid 
be, generated, which is permanent for aconfiderable {pace 
time. 


CHAP. IH. 


Or Gun-PowDeERr. 


36. Gu N-PO W DER is compofed of very light chars 
coal, fulphur, and well-refined falrpetre. Thefe materials are 
put into a wooden trough, where they are ground together, 
to render the contact of the nitrous and combuftible particles 
intimate and equal throughout the whole mafs. The mix- 
ture is reese fprinkled with water, to form an amal= 
gam, which is afterwards granulated, and prevent the finer 
particles of the fulphur and charcoal from flying off, which 
would neceffarily alter the proportion of the compofition. 
‘The powder-makers employ more or lefs time in the ope 
¥ation of grinding, in proportion to the quantity of faltpetre, 
When they conceive that the ingredients are properly mixed- 
together, they form from the pa(te thofe little grains which, 
being dried, obtain the name of gunpowder. 

37- There feems to be nothing in the fabric of gun- 
powder that can alter any of the properties of the conftituent 
parts, taken either individually or collectively. (35.) The 
neceffity of having a combuftible body capable of producing 
the total and inftantaneous decompofition of the nitre, makes 
fulphur and charcoal requifite ingredients: falphur, becaufe 
it eafily takes fire, and propagates the inflammation, though 
{he heat it praduces is not fufficient to decompofe the nitre: 
charcoal, becaufe its inflammation, as well as the propas 
gation of fire into all its parts, being flower, it acquires, when 
xt becomes red-hot, a ftronger degree of heat than the fulphur, 
and is therefore more capable of producing the entire decome 
- pofition of the nitre. Therefore, from thzir combination 
with a proper proportion of nitre, the moft inftantaneous 
explofion may be expected; but if the quantity of nitre be 
too great, the fire communicating to the combuttible par- 
ticles with fo much the more difficulty as the excefs is the 
greater, may produce no effects. 

If to a compofition of r4 parts of faltpetre, 1 of fulphur, 
and x of charcoal, a burning coal be applied, thofe att 
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only of the mixture in contact with the coal will burn, the 
flame not being able to communicate itfelf to the other parts. 
If, on the contrary, the nitre be in too {mall a quantity, on 
applying fire to one part, the flame which breaks out at its 
decompofition is too weak to fpread itfelf to the others, 
owing to the great diftance of the nitrous particles: the de- 
ftruGtion of the whole, therefore, requires a much longer 
time; and the quantity of permanent ela(tic fluid, on 
which depends the greateft force of the powder, is lefs; as 
may be proved b; burning a mixture of equal parts of ful- 
phur, charcoal, and faltpetre. : 

8. That proportion which will moft readily produce the 
deffradtion of all the compofition, and yield the greateft poffible 
quantity or the permanent elaftic fluid in a given time, ought 
to be found out, and will conftitute powder of the beft qua- 
lity : it evidently appears, from the above experiments, to lie 
between the quantities there made ufe of. 

39. In the firft years that fucceeded to the difcovery of 
pun-powder in Europe, the proportion of the conftituent 
parts, and the fize of the grains, varied very much; which 
gave rife to the feveral denominations ic has obtained. At 

-the beginning of this century, thefe proportions and fizes 
were almolt every where reduced to three; and at prefent, 
throughout all Europe, only one kind is ufed for military pur- 


fes.  . 
ae it will be fhewn in this treatife that the properties of 
powder are modified by the qualities of the ingredients and 
the fize of the grains, to fave repeated defcriptions of the 
different kinds of powder that may come under our invefti- 
gation, we will {ubjoin a general account of them, according 
to the various denominations that they are commonly known 
by; with this obfervation, that whatever may be advanced 
concerning the modifications of one kind of powder is appli- 
cable to all others. 

40. Powder compofed of 5 parts of faltpetre, x of char- 
coal, and 1 of fulphur, and granulated fo as to enter with 
eafe into the vents of new mufquets, is called mufguet pow- ° 
der; when the grains are three or four times larger, it is 
called cannon powder. Powder compofed of 6 parts of falt- 
petre, 1 of charcoal, and 1 of fulphur, the grains of which 
are of the fame fize as mufquet powder, is called common war 
powder ; and obtains the name of fine war powder when the 
grains are about half that fize. Powder made with the fame 
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proportion, and with prains of the fame fize, as the fine war 
powder, but with a lefs denfe charcoal, is ufed by fportfmen 
in fhooting game. When compofed of 7 parts of faltpetre, 
3 of charcoal, and x of fulphur, and granulated as the fine 
war powder, it is called fire-work, or rejoicing powder. 

41. We will now proceed to prove, that fired powder 
preferves conftantly the properties remarked in the combi- 
nation of its ingredients ; (35.) modified, neverthelefs, by 


the exacétnefs of the mixture, the fize of the grains, and © 


other circumftances that wil] be pointed out. 

2. All degrees of heat are not fufficient to fire powder 
for if it be only fufficient to inflame fulphur, the effects before 
mentioned (28, 35. N° 2.) will refult, as may be proved 
by throwing feveral grains of powder near hot coals. The 
burning of the grains contiguous to the coals will be fo in- 
ftantaneous, as not to be diftinguifhable from the inflam- 
mation of the fulphur; but the grains at a little diftance 
from the coals will emit, after fome time, a fmall, blue, 
lambent flame, which at length becomes brighter; the in- 
tenfenefs of the fire increafes, and the gradual deftruction 
of the faltpetre is clearly difcernible; fome of the grains 
are confumed, while in others the blue flame difappears 
without producing their deftru€tion: at length the more 
giftant grains become warm, without emitting any flame, 


or being confumed. This may be exemplified by putting . 


fome large grains of powder on an iron plate, which may 
be put near to, or drawn back from the fire, in order to 
give it different degrees of heat; or by directing upon them 
the folar rays, united by means of a convex glafs, as dif- 
ferent degrees of heat may be produced by augmenting or 
dimmifhing the circle formed by the re-union of the rays. 


43. Thefe experiments prove that powder, like other, 


combuttible bodies, may become hot or inflamed, without 
being in the fame inftant confumed. It is neceffary, there- 
fore, to diftinguifh between the inflammation and the final 
deftruGtion of each grain: for fire, when applied to two 
grains of different fizes, does not always caufe any fenfible 
difference in their deftru€tion; yet there is a great difference 
in the force of two equal quantities of powder, made with 
the fame proportion of ingredients, of the fame quality, 
but differently granulated, as is feen on camparing can- 
non and mufquet powder. 

44. The 
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44. The following experiment will prove that the degree 
of heat to fire powder fhould be greater in® proportion to 
the rarefaction of the furrounding air, or to the denfity of 
the fmoke. (35. N°2.) 


Puatel. Fic. II. To the plate A B of the pneu- 
matic machine, let a thin thimble C of beaten brafs, be 
joined, with the spate upwards. Let the iron M 
exactly fill the concavity D ; anda moveable ring, F G, 
be fitted round the thimble, fo that on covering the con- 
vexity C with powder, part may fall on it. Then if 
M, made red-hot, be introduced into D, when F C G 
is covered with powder, in the open air, the powder will 
inftantly explode; but if a glafs receiver be placed upon the 
plate A B, and in part exhaufted, and the hot iron be ap- 
plied, the explofion of the powder on C will not be fo 
fudden as before, and part of that on F G will remain 
unaffe&ted by the heat, in proportion to the quantity of 
air left in the receiver. When the air is quite exhaufted, 
the powder upon the convexity C will liquefy before it 
takes fire, after having emitted feveral ebullitions; then 
explode at once, and cover with its flame the powder 
upon F G: this will, neverthelefs, not liquefy; and a part 
of it will remain upon the ring and plate, where it has been 
puthed by the blaft. 


45- This proves that the powder upon the ring, being in 

a very rarefied medium, does not burn, though furrounded 
by the flame of the fired powder. In this cafe, the fired 
powder fpreading itfelf on all fides in the receiver, which 
is much larger than the fpace occupied by the powder, the 
grains that remain unfired are only furrounded by a part of 
the flame. If the receiver were filled with powder, the fire 
inclofed in a fmaller fpace would be more intenfe, but the 
quantity of fired powder would be proportioned to the 
rarefaction of the atmofpheric air contained between the 
grains. (Fro. II.) ABC is a funnel of bronze or iron, 
of which the part C C is made to fcrew on to V V of a re- 
ceiver of beaten copper V X Z, containing about 70 cubic 
inches. The part DF of the funnel, which is to contain 
the powder for the experiment, may be diminifhed ar plea- 
fure, by means of the rings G, of exaét calibre, andvof dir- 
ferent lengths, to be applied to the part F of the fpace D F, 
AAT is a canal conical from A to H, and cylindrical Hi 
to 
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H to I; fhorter than the funnel ABC by half a diameter 
DD. The fart KL of the iron rod K L M, fits the co- 
nical part A H fo exactly, that no air can pafs: the cylin- 
drical part is a little longer than HI. The,capital NNO 
of brafs, of which the aperture O O is lefs than D D, can 
be faltened by the fpirals N N to BB. 

Let the fpace D F be fo diminifhed by the ring G, that the 
remaining part D P be entirely filled with the powder ufed in 
the experiment; and let the powder be retained by a hop’s 
bladder tied faft to the thread of the ferew BB. ‘The fun- 
nel, thus.charged, is fcrewed into V V of the receiver, 
placed upon the bafe X Z, which keeps the funnel perpen- 
dicular. Then if the iron rod be made red-hot, and preffed 
forcibly into the funnel, the point M coming below the bot- 
tom of the funnel I, without touching the bladder, will 
neverthelefs fet fire to the powder, and the bladder will 
burft. If this experiment be made with 24 grains of can- 
non powder, when the receiver is placed fo that the lower 
aperture X Z fits a large tub or other veffel, no unfired 
grains of powder will be found; but if the receiver be placed 
upon the plate of the pneumatic machine, and the air be 
half exhaufted, } or 4 of the grains will be found unfired 
upon the plate after the explofion; and if the receiver be ex- 
haufted, + or 3 of the grains will be found untouched by the 
fire. 

In thefe three modifications of the air in the receiver, the 
funnel is always charged in the fame manner, and with the 
fame quantity of powder; and the bladder tied faft in B B 
entirely prevents any communication between the receiver 
and the part D P of the funnel; fo that when the receiver is 
exhaufted, no change takes place in the part of the funnel 
that communicates with the external air by means of the 
little canal A HI; and confequently, when the rod is intro- 
duced into the canal, the powder inclofed in the funnel, and 
the air contained between the grains, remain in the fame 
tate, whatever alteration be made in the air of the receiver , 
wherefore, the bladder burfting at the beginning of the in- 
flammation of the powder, the air which is between the 
grains in ID P, fpreads itfelf into the receiver; and in pro- 
portion as it becomes more rarefied, lefs powder is fired. 
In cach of thefe three different ftates of the air in the re- 
ceiver, it may be obferved, that the infides D P of the pe 
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gel are bronzed by the flame of the powder. As the pow- 
det firft takes fire in R, that which is placed above in P 
cannot fall upon the plate without paffing acrofs the flame of 
the buming powder in R3; fo that, in this experiment, the 
fire being mclofed in a f{maller fpace, is more active than 
in the former one; (44.) yet all the powder is not 
fired, becaufe the air, on the bladder’s burfting, is toa 
rarefied. 

46. But to deftroy all doubt of this property of gun- powder, 
let the funnel be charged as before, the capital NO fcrewed 
on to BB, and a wad put at the aperture O to retain the 
powder: then, if the bladder be tied faft in qq, and the re- 
ceiver be exhaufted, the quantity of fired powder will always 
be greater in proportion as the hole O is narrower ; and if it 
be nearly of the fame fize as the hole I of the little canal . 
AHI, all the powder in DP will be confumed. In the 
preceding experiment, (45.) it was found, that when the 
air had been entirely exhaufted from the receiver, only 5 or 
+ of the powder took fire, and that a great part of the flame 
{pread itfelf into the receiver when the bladder burft; while 
that the remaining part expanded itfelf in DP, which it 
bronzed. On the contrary, in this experiment, where the 
aperture O O is narrower than D D, as neither the air con- 
tained between the grains, nor the flame, is able to pafs 
with the fame pean’ into the recejver, they remain in much 
greater quantity in D P; the fire is ieelore more intenfe, 
and confequently a greater quantity of powder is confumed ; 
indeed all the powder will be fired when O O is reduced to 
the fize of I. The fame effects take place with all kinds of 
powder, (40.) the only difference being in the quantity that 
remains unfired. 

47. Itisthen afcertained (44, 45, 46.) that, in order to 
fire powder, the heat fhould be in proportion to the rare- 
faGtion of the furrounding air, and that it is increafed by 
preventing the expanfion of the flame. -It remains now to 
be proved, that the degree of heat mutt be likewife greater in 
proportion to the denfity of the (moke. , 

It has fallen within the obfervation of every artillerift, 
that when hells fink into ftiff earth with the fates down- 
ward, the fmoke finding no paffage, the fire is extinguifhed, 
and the fhell does not burft; but if they fall into water, the 
{moke mixing with the water, the fire continues till the pow- 
der in the thell explodes. Fufes are geierally filled with a 
mixture 
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mixture of mealed powder, fulphur, and faltpetre. Let two. 
or three fules, of the fame fize, be filled with compofition 

of -different degrees of ftrength; after being fet on-fire, let 

them be buried in earth equally ftiff, or covered in any other 

manner, fo as to prevent the efcape of the fmoke; it will be 

found, on taking them out after fame minutes, that the . 
quantity of compofition which is confumed is in proportion” 
to its ftrength; fince the denfity of the fmoke was the fame, 

as the ground was equally folid. Hence, it is evident, that 

the greater the force of the fire, the greater is the confump- 

tion of the compofition. Care fhould be taken not to make 

it fo trong as to burft the fufes. ; 

48. Having afcertained thofe two properties, it remains to 
demonftrate, that when fire is applied to grains of powder, 
the inflammation of the contiguous grains, and the deftruc- 
tion of each individual grain, takes ‘place progreffively ; 

5. N° 3.) and that the velocity with which fire fpreads 
itfelf on all fides to inflame the contiguous grains, is greater 
than that with which it penetrates into the fubftance of each 
grain. It is too obvious to need infifting on, that all mo- 
tion, however rapid or fhort it may be, takes up a certain 
time; though to us, from the fhortnefs of its duration, it 
appears inftantaneous: confequently, the inflammation and 
entire deftruction of powder produced by the action of fire, 
communicating itfelf to every ththg around, like rays froma ~ 
centre, muft neceffarily take place in a determined fpace of 
time; which varies according to the ftrength of the fire, the 
proportion of the ingredients, the nicety of the mixture, 
and the fize of the grains. : 

When a fofficient degree of fire is applied to one grain of 


.pgwger, it firft acts upon the furface, and then penetrates 


towards the centre. (43.) As the furface burns, a flame is 


“excited.which catches the neareft grains; if the degree of 


heat ‘be fufficient, and the furrounding air not too much 
rarefied... In the mean time, the fire which attacked the firtt 
grain, continyes its action towards the centre till it be totally 


confamed. There are then two diftin& a@tions in the in- 


flammation and the tota! confumprtion of powder : the firft is 
the .expanfion of te inflamed fluid; which, fpreading itfelf 
from the furface of the burning grains, furrounds the conti- 
guous ones: the fecond is the penetration of the fire from the 
furface of each grain towards its centre. But the flame al- 
ways /preads w.ta more rapidity between the intervals of is 

other 


a 
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other grains, than it penetrates towards the centre of each 


n. 
ane The following obfervation will prove that a deter- 
mined time is requifite for the confiimption of each grain. 
Make, of the common mixture, fome grains of powder as 
large as piftol bullets; dry, and fet fire to them: it will then 
be feen that the fire penetrates from the furface to the centre, 
in a longer or a fhorter fpace of time according to the fize 
of the grains ; fo that if there be no difference between 
thefe large grains and common ones than in fize, it may be 
inferred, from analogy, that the fmalleft muft require a cer- 
tain fpace of time, however fhort. It is likewife clear, that 
the flame, in fpreading itfelf from the burning grains to the 
contiguous ones, takes up a certain fpace of time; as may 
be exemplified by fetting fire to a train of powder. 

go. An experiment will prove, that the aétion of fire is 
alfo progreffive when applied to powder confined in a 
veffel; where the burning fluid being more denfe, is alfo 
more active than when powder is burned in the open air. 
(Fic. III.) To the funnel charged as before, (45.) let 
the capital N O be faftened, with the aperture O of fuch 
a fize, that the receiver being exhaufted, only % or + of the - 
powder contained in the funnel may take fire. Introduce the 
red-hot rod, and leave it to cool ; then admit by degrees the 
air into the receiver, and Joofen carefully the capital from the 
funnel. If proper attention has been paid in this procefs, it 
will be feen— 

1. That nothing touches the point M of the rod; as 
the powder being burnt all around, leaves a cavity 
nearly {pherical. 

2. That each of the grains which form the fides of 
the cavity are burnt a little towards the concave fide; as 
may be diftinguifhed by the fixed nitre, and the fmooth 
furface of each grain. 

3. That the grains which are between the interior fur- 
face of the funnel and thofe which form thé fides of the 
cavity, are whitened by the flame of the fulphur, and 
that the fides of the funnel are bronzed. 

It is then proved, that the fire both fpreads itfelf between 
the intervals of the other grains, and penetrates from the 
furface to the centre of each grain progreffively. 

51. But it is not fufficient to have proved that the burn- 
ing of each grain, and the inflammation of the contiguous 


Ones, are progreflive ; it is neceffary further to thew, that the 
B activity 
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aivity with which fire {preads itfelf between the interftices 
of the grains, is greater than that with which it penetrates 
from the furface toward the centre of each grain. If wecon- 
fider ‘that the inflamed ftuid, in pafling between the grains, 
meets no other refiftance than the common air, which is 
eafily penetrated, by reafon of its rarefaction ; and that the 
fire, in infinuating itfelf from the furface toward the centre 
of the grain, muft pafs through a fubftance much more 
Genfe ; it is evident, that the reliftance in the fecond cafe 
being greater than in the firft, the fire muft confequently be 
flower in its progrefs. 

The following experiment will ferve in proof of this af- 
fertion. Let a piftol barrel, with the vent clofed up, be 
filled with powder to the muzzle: on applying fire to it, 
the barrel will inftantly empty irfelf, with an explofion, 
Let it be again filled with powder well compreffed, fo that 
the interftices between the grains may be as fmall as poffible, 
and form, as it were, a folid body; the time that the barrel 
will take to empty itfelf will be fenfibly longer than before. 

The great velocity with which the inflamed fluid paffes 
from the muzzle to the breech of the piftol barrel, between 
the interftices of the grains, is obfervable in the firft expe- 
riment; and, in the fecond, it is feen how much this velo- 
city, from the neceffity of penetrating the powder itfelf, is 
retarded. ; ' 

52. From the three preceding paragraphs, the following 
ptinciples are deducible. 

' 1. That in burning two equal quantities of powder, 
made of the fame compofition, but differently granu- 
lated, as cannon and mufquet powder, the latter will 
be confumed in lJefs time than the former; becaufe the 
grains being fmaller, (40.) prefent to the fire a greater 

‘ fuperficies, and produce, at the firft inftant, the in- 
flammation of a greater quantity of matter; which is 
confumed {@ much the fooner, as the fire has lefs fpace to 
- pafs through from the furface to the centre of each grain. 

2. That this depends not only upon the fize of the 
grains, but alfo upon the facility with which the fire 
paffes between them. On the other hand, the grains 
fhould not be too fmall ; for then the interftices will 

» be fo diminifhed, as to admit the flame to pafs with 
difficulty; and they will be fo compact, as to form, 
as it were, a folid body. 

53. The 
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53. The grains of powder are generally of a very irregular 
form and uneven furface; whence arife many varieties in 
the quicknefs of its inflammation and explofion. To re- 
medy thefe inconveniencies, fome manufacturers put the 
powder into a barrel fufpended by two pivots; and having 
turned it for fome time, feparate, by means of a fcreen, the 
duft from the grains; which are, bags operation, fuffi- 
ciently f{moothed and rounded. On comparing powder 
made in this manner with powder of an irregular form and 
uneven furface, the latter is found to take fire more quickly, 
though the proportion of ingredients be precifely the fame in 
both. Neverthelefs, as the interftices between the round 
grains are larger than between grains of an irregular figure, 
and as upon them the quicknefs of the inflammation greatly 
depends, the round grains may be fo fmall, that the interftices 
being equal in both, the fire may be able to fpread itfelf 
equally, and confume the powder with the fame rapidity; 
and as powder of an irregular grain takes fire more eafily 
than fmooth-grained powder, a proportional fize might be 
fixed on which would caufe the latter to inflame with greater, 
or at leaft equal promptitude. 

54- As thefe properties are common to all kinds of pow- 
der (40.) that are well made, of proper materials, and 
equally dried, varieties in their effe&s can only refult from 
the different proportion of the ingredients, the fize of the 
grains, their figure, and fmooth or uneven furface. If the 
ingredients, however good in quality, are not well mixed 
together, the powder will not fo readily burn, and the dif- 
ference of the effects will be very fenfible. _ 

55: The following experiment will prove, that from fired 
powder a permanent elaftic fluid (35. N° 4.) is produced in 
great quantity, upon which depends its principal force. 
(Fic. 1V.) ABC Z isa hollow cylinder of bronze, with 
afcrew at BC toreceive DEF. GG is a key to. open 
or fhut the communication between the parts of the funnel 
HH. To the fpiral F F, fix the air-gun M M, to receive 
the elaftic fluid generated in the cavity BP; and fcrew DE 
intoB C, Put the powder into the cavity; and fcrewI K L, 
made of bronze, into AP. Lm is the vent; 20a {mall 
moveable plate of iron, ta which is faftened a fule op, and 
joined to the pin K, &c. ¢ r is a fmooth bar of iron, made 
to flide in a groove by the fpring V y, which keeps it in the 
pofition ¢s, when not eeu held back; and clofing the 
vent, totally prevents the Be age of the air; fo thar, ee 

2 the 
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the feveral parts are properly adjufted, and the bar of iron ¢ r 
is in the pofition ¢s, the elaftic fluid inclofed in the cavit 
B P, though very much condenfed, cannot efcape. Q’' 
are pivots, or trunnions, to fupport the machine. 

‘ In this experiment the machine muft be placed vertically, 
that the pewder contained in the fpace B P may reft on B x 3 
the little funnel H 4 having been previoufly filled with hog’s 
lard, that the powder, when fired, may not act immediately 
on the key G G, and prevent it from being drawn out. By 
gacans of a thread of filk, faftened with two little nails at 
the hole m, the iron gr is held back, the fufe is charged 
with powder, and the vent Lm primed. Then I K is 
{grewed into A P, and fire applied at L; which, communi- 
cating by m, fets fire to the fufe ino; and burning, at the 
fame time, the thread of filk, fets at liberty the iron g 73 
which, preffed by the {pring V y, flides into s 1, and clofes 
the hole m. The fufe burns from 2c to p, and fets fire to the 
powder in B X: the vent being clofed in m; and, for greater 
certainty, a little {crew introduced into L. 

- .(Fic. V.). When it is judged that the powder in B X is 
fired, which .¢an only be known by the heat of the cylinder 
A,B; C Z, as. no motion can be perceived, let a bullet be put 
imo. the aif-gun,gand the machine be pointed againft a plank, 
by. mreans.of the-femicircle of iron BB, which can be ftopped 
C: in-any dire&ion; then giving a half turn to the key 
_G, :that the cavity B P ‘may communicate with the bore 
of the airegun, on touching the trigger A the bullet is dif- 
chaxged with welocity, and impinges on the plank with the 
{ame.farce ag would have been produced by a very great con~ 
denfation of air, 
_iDhe eavity BP. will-contain-ten ounces of powder, but 
‘with one qunce. only, Gxteen or eighteen bullcts may be dif- 
charged, fucceffively, and at the diftance of forty paces, each 
bullet .will. pafs through a fir plank ‘half of an inch thick. 
After thefe difcharges, if the key G G be turned as it was at 
firft, the air-gun be unfcrewed, a large bladder faftened in 
its place, and the key again turned, the bladder will be filled 
with an invifible fluid ; which, being clofe tied up for feveral 
days, will nor fenGbly diminith in bulk. In the coldeft wea- 
ther it is equally elaftic ; fo that, confidered relatiyety to its 
elafticity, it may be compared to the atmofpheric air. Un- 
fcrewing K I, the infide BP X will be found covered with 
faline particles ; which, collected and examined, form a fixed 
alkali 
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alkali that eafily attraéts moifture, and falls in deliguium whet 
expofed to an air abounding in vapour. : 

56. Since the fluid generated at the burning of powder 
preferves its elafticity for a long time, it follows, that at the 
inftant of explofion its elaftic force muft be the greateft. 
In proof of this, let a barometer be fixed to the pneumati¢ 
machine ; and, having exhaufted the receiver, apply fire to 
the thimble. (Fic. I.) At the inftant of explofion, the 
mercurial gage defcends rapidly, then rifes; and, after fome 
undulations, feems to fix, fora time, below the point where 
it was before the explofion. This apparent fixation fhews 
that the elaftic fluid is reduced to the temperature of the air 5 
and the finking of the mercury, in the beginning of the ex- 
periment, proves that the force of this fluid is much greater 
atthe inftant of the explofion than afterwards. If, inftead of 
burning the powder in vacuo, it be fired in the open air, the 
elafticity of the fluid will be greater during the application of 
fire than when its effects totally ceafe. 

57-. From thefe premifes (32, 34.) it may be inferred, 
that the quantity. of the permanent fluid is always in proportion 
to the quantity of nitre contained in the powder, fince it 
alone produces the fluid; as fulphur and charcoal, when 
burned, produce none. Other experiments might be made 
to confirm this, by burning different quantities of powder, of 
the fame or different qualities, under the receiver of the 
pneumatic machine; exhaufting the air to the fame degree 
in each experiment, and obferving the apparent fixed point of 
the mercurial gage: it would then be feen that it fenfibly 
falls or rifes in proportion to the faltpetre contained in the 
different quantities of powder. 

58. Though the penetration of the bullet into the plank, 
and theapparent fixed pojnt of the mercurial gage, (55, 565 57-)} 
be the effects of the permanent fluid generated from ‘the 
faltpetre, yet they ought not to be attributed folely to that; 
as the fmoke and the common air contained in and between 
rid grains of powder, are alfo rarefied by the action of the 

9: From all experiments hitherto made upon fmoke, it 
is found to be elaftic while hot ; wherefore it is reafonable to 
‘conclude, that the fmoke produced at the explofion is one of 

the caufes that concur to give it force: but when cold, it not 
only.ceafes to be elaftic, but even abforbs a portion of the 
permanent fluid. It is impoffible, at the explofion, by fepa- 

B3 rating 
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rating the fmoke from the elaftic fluid, to determine the ab- 
foluie force of each; yet it may be fafely inferred, that the 
greater part of it depends upon the permanent fluid. 

60, The common air that is within and between the 
grains contributes likewife, by its expanfion, to the force of 
the powder when fired. Its abfolute force might be eafil 
determined; but is very fmall, in comparifon of the elaf- 
’ ticity of the permanent fluid generated from powder. 

61. Thus, the diminution of the ranges of fire-arms, when 
heated by frequent difcharges, or-when the air of the atmof- 
phere is more rarefied, ought not to be attributed to lefs 
elatticity in the air, but rather to the fecond property of 
powder; where, being fired in a rarer medium, lefs takes 
fire though the fame quantity be ufed ; and hence the range 
is fhortened, as will hereafter be more clearly proved. 

62. For the. fame reafon, the increafe of force obtained 
by triturating powder for a long time, and the force which 
damaged powder . refumes after having undergone a frefh 
proceis, proceed not, as fome think, from the greater quan- 
tity of air compreffed into the fubftance of the powder, but 
fimply from a more. exact mixture of the ingredients, whence 
they more eafily and generally take fire. 

63. In illuttration of this remark, it is fufficient to ob- 
ferv:, that the beft manufaCtured powder is liable to be da- | 
maged by exceffive heat or moifture. The powder-makers, 
in drying powder, take care to ftir it frequently, and fuffer it 
to cool before they put it into the barrels; as they pretend 
that it ferments when very hot: and in fa&, if, when much 
heated, it be clofed up in a barrel for fome hours, and after- 
wards poured gently upon a cloth, a great part of the grains, 
efpecially thofe towards the middle of the barre], will be 
caked together; on examining them carefully, it will be 
found to be owing to the great heat, which having liquefied 
the fulphur, it glues the grains together when cold: but this 
never happens if the powder be allowed to cool before it is 
put into the barrel. A partial or total liquefaction of the 
fulphur is always prejudicial to the inflammation and quick 
deftruction of the powder, (27, 28.) as it deftroys the exact 
mixture of the ingredients, which can be only recovered by 
fubjecting it toa freth procefs. If the heat be not fufficient 
to liquefy the fulphur, a large quantity of duft, confifting 
principally of fulphur and charcoal, will be found in barrels 
of powder that have been long manufa@ured and expofed to 
damp. The powder from which this duft is detached will 

be 
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be altered in quality; and while the interior of the grains, 
from which the fulphur and charcoal are fallen off, continue in 
the fame flate they were in when made, the exterior will have 
loft the greater part of the fubftances neceffary to facilitate the 
inflammation. Thus, on applying fire to thefe grains, the 
furface burns flowly till the fire penetrates the interior, and 
meets a fufficient quantity of fulphur and charcoal; the 
powder mult therefore have become weaker. Now, if the 
powder, thus reduced in ftrength, be manufactured again, 
the grains will become homogeneous both internally and ex- 
ternally; but, owing to the diminution of the quantity of 
fulphur and charcoal, they will be altered in quality, fince 
the falrpetre will be in greater proportion than either of the 
other two ingredients; fo that if, before the powder be- 
came damp, it was not very ftrong, it will now have become 
much ftronger; but, on the contrary, if-it was as ftrong as 
poffible before, and the ingrediehts (38-) well-proportioned 
and intimately mixed together, it will in this new operation 
have lott part of its ftrength. ‘Herfce it may be inferred, that 
grinding ferves only to:mr the ingredtents together; and that 
when there is a perfect contaét between the merous and com- 
buftible particles, it“is ufelefs ‘any lofiger’ to continue the 
operation. — he : 

64. Powder, howevef well dried and fabricated it may 
have been, lofes its ftrétigth when allowed to become damp. 
If daily obfervations on powder, put into damp. magazines, 
and carefully preferved in barrels, are not fufficienr to efta- 
blifh this fact, the following experiment will render it intcon- 
teitable. . 

Let a quantity of well-dfied powder be nicely weighed, 
and put into a clofe room, where the air is temperate, and 
feemingly dry, and be left for three or four hours; on weigh- 
ing it again, its weight will be increafed. This fame pow- 
der, expoied to an air loaded with vapour, acquires much 
additional weight in a fhort time. Now the increafe of the 
weight being proportional to the quantity of vapour con- 
tained in the atmofphere, ‘and to the length of time that 
the powder is expofed to it; it follows, that powder eafily 
attracts moifture. “ae 

65. Wherefore, if a degree of heat, fufficient only to fire 
dry powder be applied to powder that is damp; the moifture 
will oppofe the action of the fire, and the grains either will 
not take fire at all, or their inflammation will be flower: 
thus, as the fire will fpread more flowly, fewer grains will 

: B4 burn; 
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burn ; and the penetration of the fire from the furface to the 
centre of cach grain, and confequently their confumption, 
will require more time. Whence it may be concluded, that 
all degrees of moifture diminith the force of powder. Salt- 
petre, not fyfficiently refined, attracts moifture very readily ; 
and as the fubftances that render it impure leffen the quan- 
a Sd fluid, and prevent its detonation, it fhould be 

ed as much as poffible before it is employed in the fabri- 
cation of gun-powder. 

66. In drying damp powder, the degree of heat fhould be 
moderate. (63.) When any of the faltpetre has been diflolved, 
it fhould be ground afrefh, to eftablifh a juft mixture of the 
feveral ingredients ; and if part of it be abfolutely loft, which 
may be known by paffing a certain’ quantity of the powder, 
well dried and weighed, through a fieve, it will be neceffary, 
before it is ground, to add the quantity of faltpetre that is 
deficient. 

67. Having thus thewn that the force of powder is owing 
to an elaftic fluid generated at the explofion, the fuddennefs 
of which depends upon the proportion of the ingredients, the 
conta&t between the nitrous and combutftible particles, and 
the fize of the grains, &c. it may be concluded, that when 
feveral powders, equally well dried, and fired under the fame 

 ftate of the atmofphere, are compared together, that which 
. produces the greateft quantity of the elaftic fluid, in a given 
pace of time, is the ftrongeft. 


CHAP. IV. 


THe Properties OF PowDER ARE THE SAME 
in Fine-ARMS OF ALL CALIBRES. 


» 


68. Havine proved that every degree of heat is 
not capable of firing powder, and that its force depends on 
the elaftic fluid generated at the explofion, it is needlefs to 
adduce any more arguments in fupport of-this fa&; but 
with regard to the fecond and third properties (44, 48, 49.) 
of powder, which are undoubtedly of greater confequence, 
and have often, for want of due inveftigation, occafioned a 
Sifference of opinion among artillerifts, in treating of the 
proper charge and length of guns, it is neceflary to be more 

particular, 
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particular.: Thefe two properties, as well as. the firft and 
fourth, hold good in all fire-arms, and in every other cayjty 
where powder is burned ; they are alfo modified by the fame 
caufes, (41.) and by others that will be hereafter men- 
tioned. hehe 
69. The fecond ‘property is obfervable in all fire-arais, 
when, on applying fire to different quantities. of the fame 
powder, either the whole or a part only of the grains take 
fire, in proportion to the ftrength of the fire, and the denfity 
of the medium. For example, if a quantity of cannon 
powdey be all burned in a gun of large calibre, the fame 
ntify, in a piece of {maller calibre, will not be all byrned, 
n the! fame piece, charged with different quantities of pow- 
der, the fmaller charge will entirely explode, while a part 
only of the larger will be confumed. If, in the largeft charge, 
the refiftance to the explofion be increafed by a high wad, 
fhot, &c. a greater quantity of powder will burn than when 
the piece is fired with a common wad, and without shot. 
Thefe varieties conftitute the fecond property of .powder. 
> 459 465 47-) O80 Shag re se 
see third property of powder is equally .obfervable in 
all fire-arms. The inflammation of each grain, and of the 
contiguous ones, being progreffive in all kinds of powder, the 
varieties that occur arife not only from the {jze.of the grains, 
and the proportion of the ingredients, but alfo from the 
fize of the veffel in which the powder is fired. For example: 
if in two veffels, of unequal fizes, two equal quantities of 
powder’be burried, the fire in the {malleft veflel, being moft 
intenfe, accelerates the deftru€tion of each grain, and all the 
powder is confumed in Jefs time than in the larger veffel. 
The fame circumftance occurs, when two equal quantities 
of powder are burned in veffels of equal fize ; one of which 
refifts the action of the powder, and the other burfts at the 
beginning of the explofion : the heat being mare inteafe in 
the veffel that refifts than in the other, the deftgictiion of 
each grain is accelerated. eet 
71. To prove that the inflammation of powder in fire- 
arms of all calibres depends on the denfity of the air con- 
tained between the grains, and the degree of fire that fur- 
rounds them, (69.9 let a mufquet or piftol barrel be filled 
with powder to four or five diameters ; let a {mall wad, made 
of a fubftance not eafily combuftible, be lightly compreffed 
upon the powder ; and let the piece be fired into a vefiel made 
on 
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on purpofe to receive the difcharge : a certain number of grains 
will be found unfired; let thele be colle&ted and weighed. 
If this experiment be repeated feveral times, with the fame 
piece, and with the fame quantity of powder of the fame 
quality, and the picce be fuffered to cool after each dif- 
‘charge, the number of unfired grains will be always nearly 
the fame. Inftead of repeating the experiments with the 
fame piece, let two or three, of the fame calibre, but the 
‘Jengths of which are in the ratio of 1, 2, 4, be charged with 
the fame quantity and quality of powder, and fired as above, 
the fame number of unfired grains will be found in the veffel ; 
which proves that the additional length does not contribute 
to the inflammation of a greater number of grains, provided 
that the experiments be made with dry powder, and ina 
very dry day. Thefe effects equally take place in mufquets 
or cannon: for if a thirty-two-pounder be charged with 
8lb. 502. of powder, carefully collected together in the 
‘chamber, and lightly compreffed with a wad, and the gua 
be fired horizontally upon hard fnow or ice, a great quantity 
of dirt will be found before the muzzle of the gun, but 
hardly any unfired grains of powder; but if the gun be 
fired with ag5lb. of the fame powder, a number of unfired 
grains will be found: again, with solb. of powder, the 
number of unfired grains fcattered upon the {now will be 
greater. It evidently refults, from thefe experiments, that 
in all fire-arms the quantity of powder that burns is limited. 
Tt now only remains to be proved, that this proceeds from 
the intenfity of the fire, and the denfity of the air contained 
between the grains; and that when thefe caufes vary, the 
quantity of powder that is burned in the fame piece varies 
alfo, though the charges be equal. . 
72. When one of the barrels is charged with the fame 
quantity of powder, of the fame quality, if a very high wad 
be rammed on it, or the refiftance to the explofion confi- 
derably increafed by any other method, after the difcharge, 
fewer unfired grains will be collected. This not only cor- 
refpands with the refult of former experiments, (46.) fince 
the degree of fire is increafed by the refiftance, but ferves to 
confirm the progreffive inflammation of the grains. But it 
fhould be remarked, that the increafe in the quantity of pow- 
der that takes fire is not always proportional to the increafe 


of the refiftance; for, under fome circumftances, a flight 
refiftance 
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refiftance caufes a more intenfe fire than a much greater one 
does in others. : 

The experiments made with the machine defcribed in the 
third figure, prove that a difference in the denfity of the air 
between the grains produces varieties in the quantity of pow- 
der that takes fire ; the following fimple experiment will fur- 
ther confirm it. Leta mufquet be charged with a full quan- 
tit of powder, with a fingle wad, and fired into a large 

3 when the air of the atmofphere is very denfe and dry; 
Jet it be again charged precifely in the fame manner, and 
fired when the air is rarefied, as it is fometimes in fummer, at 
two or three -o’clock in the afternoon ; and, to render the 
effe&s more firiking, let the barrel be heated by expofure to 
the fun. If the powder, after each difcharge, be collected 
and weighed, a much greater number of unfired grains will 
be found after the fecond than after the firft: nowthe only 
difference between them being in the denfity of the air con« 
tained between the grains, it is evident that this muft be the 
fole caufe of the varieties that take place. ‘The decreafe in 
ranges, obferved in very hot weather, or when the guns are 
much heated by preceding difcharges, ought not to be attri- 
buted to the lefs elafticiry of the air, fince its a@ion, com- 
pared to that of the elaftic fluid generated from powder, is 
hardly fenfible; the true caufe is the rarefa€tion of the air, 
whence lefs powder takes fire. 

73. The fize and pofition of the vent render this pro- 
perty of powder fubje& to other varieties. On firing twa 
piftols, of the fame calibre, but the vent of the one larger . 
than that of the other, fewer unfired grains will be found in 
the veffel from the former than from the latter. The fame 
circumftance occurs when the vent of the one is fituated at a 
greater diftance from the bottom of the bore than the vent of 
the other, though they be equal in fize. 

74- The charges that at each elevation produce the longeft 
ranges, depend alfo upon this property of powder. It is 
necefflary to vary the charges according as the denfity of the 
air contained between the grains differs, as the elevation is 
altered, or as the atmofphere is more or lefs loaded with 
vapour. Thus it conftantly happens, that on firing at the 
fame time two pieces of the fame calibre, but of unequal 
lengths, the vents of which are of the fame fize and in the 
fame pofition ; the charge which in the longeft piece gives 
the longeft range, gives it equally in the fhorteft piece 5 or 
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vided that the two longeft ranges of the two pieces, when 
compared together, be unequal. 

75» In feeking the charge that gives the Jongeft range, it 
will be found that by ufing fmall charges at firft, and in- 
creafing the quantity of powder by degrees, the ranges will 
increafe to a certain point; after which, if the charge be 
augmented, they will progreftively diminifh; though the re- 
coil will ftill continue in the ratio of the increafe of the 
charge. This is a confequence deducible from the fore- 
going experiments, and agreeable to the principles of me- 
chanics; fince the recoil and the range ought to be in the 
reciprocal ratio of the gun and the fhot, - making allow- 
ance for the refiftance which thefe bodies meet with. Thus, 
when all the powder explodes, the recoil and the range 
ought to be in the above ratio; but when a part only 
takes fire, the burning powder muft not only impel the 
wad and the fhot, but alfo the unfired grains. Now the 
fubftances impelled towards the muzzle of the gun being in 
greater quantity, the weight approaches nearer to the weight 
of the gun, which always remains the fame, and the range 
is confequently diminifhed. 

76. The following experiments will prove the third pro. 
perty of powder in fire-arms of all calibres. (7c.) Leta 
gun of any nature be taken, and, to fimplify the experiment, 
be ch with fuch a quantity of powder as will all explode: 
on examining the ranges from two equal charges of powder, 
of the fame quality, bur of differently fized grains, as cannon 
and mufquet powder, it will be conftantly found, ceteris 
paribus, that the range produced from the mufquet powder 
is much longer than that from the cannon powder. Now as 
the action of fired powder depends on the elaftic fluid, the 
fhot, in the longeft range, muft neceffarily have been im- 
pelled by a greater quantity of this Ay: but it has been 
demonftrated, .(57.) that from equallarges of cannon and 
mufquet powder, equal quantities of the elaftic fluid are ge- 
nerated when they are totally confumed; wherefore, in- this 
cafe, all the fluid is not generated in the time that the thot is 
moving along the bore of the gun, and confequently we may 
conclude that its generation is progreffive. A comparative 
trial of. all other kinds of powder that have the fame pro- 
portion in their ingredients, and differ only in the fize of 
the grains, gives a fimilar refult: whence it is clear, that 
each grain is confumed progrefflively in pieces of all ac 

an 
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and that the only variation confifts in the length of time from 
the firft inftant of its inflammation till its final confump- 
. tion, 
77- Some artillerifts, from the intenfe heat excited in a 
piece of ordnance at the inftant of explofion, particularly 
with large charges, conceived that all the powder muft be 
confumed before the fhot begins to be in motion; but it 
having been already proved (71, 72.) that the quantity of 
- powder that burns is limited, it will fuffice to fhew, by a 

conclufive experiment, that the inflammation and deftruc- 
tion of each grain is progreffive. It is well known that 
fine war powder is much ftronger than mufquet powder ; 
and that, on firing equal quantities of thefe powders from 
the fame piece, the former will give the longeft range : but if 
of the fame pafte from which the former powder be made, 
grains four or five times larger than thofe of the mufquet 
powder be formed, and the difference of the ranges between 
this large grained powder and mufquet powder, fired in equal 

uantities from the fame gun, be remarked, the ranges 

m the latter will be found much longer than from the 
former ; confequently the fhot muft have been impelled by 2 
greater quantity of the elaftic fluid. But the large grained 
powder, if totally confumed, fhould produce the fame quan- 
titity of fluid as the fine war powder, which was found to 
produce more of it than an equal quantity of mufquet pow- 
der. In this experiment, therefore, all the fluid is not dif- 
engagtd from the large grained powder, and the deftrudtion 
of each grain is progreffive, as the charge is fo proportioned, 
that the whole fhould take fire in the gun. 

48. This progreflive deftruGtion of each grain is never to- 
tally effected within the bore of the gun, in the charges at 
prefent in ufe; for, independent of the above obfervations, 
fire is always feen to iffue in great abundance from the 
muzzle of the gun, which could never happen if all the 
powder were confumed before the fhot began to move. 

79. Upon this third property of powder in fome meafure 
depends the difference of ranges in two guns of unequal 
length, but of the fame calibre, charged with equal quan- 
tities of powder of the fame quality. “Ihe reafon why the 
fhot from the longeft piece ranges fartheft, is not only be- 
caufe it is impelled for a longer time by the fluid, but alfo 
becaufe a greater quantity is generated during that time. 
But thot from long pieces only range farther when at quit- 
ting 
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ting the gun they are flill impelled by the elaftic fluid; or, 
in other words, whien arrived at the mouth of the piece, 
their velocity is lefs than that of the fluid itfelf. 

80. The action of the elaftic fluid on the fhot in moving 
along the bore of the gun is fo powerful at the beginning of 
the movement, that the range from a {mall charge fome~ 
times equals, and even exceeds, that from a larger charge, 
though they both take fire before the thot begins to move. 
This is owing to the {mall charge occupying a lefs fpace of 
the bore; whence the fhot is longer impelled by the fluid, as 
it has a longer {pace to move through in the gun. To elu- 
cidate this, let an experiment be made with a gun a diameter 
and half of its fhot in length; the ranges, or the penetrationa 
of the fhot into foft earth, will be greater when the charge 
occupies half, than when it occupies a whole diameter. 
Thus the decreafe of range in a piece of ordnance that is over= 
charged arifes not only from the greater weight of matter 
to be impelled by the tired powder, but alfo from the lefs 
fpace that the fhot has to pafs through in the piece, and the 
Jefs impulfion of the elaftic fluid. 

81. From thefe premifes, it will be eafy toexplain, why, 
in fire-arms loaded in the common manner, only a certain 
quantity of powder can take fire. 

There are two actions to be diftinguifhed in the fluid ge- 
nerated at the burning of powder ; of fire, and elafticity. As 
the fluid feparates, and difengages itfelf from the burning 
grains, it carries off with it different inflamed combuftible 
particles ; the degree of fire is then weakened, as much from 
its expanfion, as from the extinction of the flame, owing to 
the deftruction of thefe combuftible particles: wherefore the 
fluid, at a certain diftance from the burning grains, does 
not contain heat fufficient to inflame other grains; but its 
elafticity, though weakened by the decreafe of heat, does not 
ceafe to a& againft the fides of the containing veffel. Now 
as the inflammation of powder in fire-arms commences at 
the vent fituated at the bottom of the bore, there is generated 
from the firft grains an elaflic fluid, which infinuates itfelf 
into the interftices of the other grains ; but the more this fluid 
expands, and the combuftible particles mixed with it are de-~ 
ftroyed, the heat becomes lefs intenfe, and unable to fire the 
grains more diftant from the vent: but a frefh Muid is fuc- 
ceffively generating, and inflaming thofe which the firft pro~ 
duced fluid had not power to inflame; the quantity ir 

uid, 
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fluid, and the intenfity of the heat, increafe by degrees, till 
the wad and fhot begin to move. From this inftant of 
movement the {pace containing the fire, the fluid, and the 
unfired grains, enlarges; and though frefh fluid is conti- 
nually generating, yet, as the fire does not increafe in propor- 
tion as the {pace which contains it is enlarged by the re- 
moval of the wad and fhot towards the mouth of the gun, 
the unfired grains will not be inflamed ; as, from the rare- 
faction of the air, the fire is not fufficiently intenfe. Hence 
we may coriceive why, in moderate charges, properly wadded, 
the fluid has fufficient elafticity to force out the wad and fhot, 
and, at the fame time, heat enough to fire all the grains; . 
and why, in charges that are too large, and wadded in the 
fame manner, the heat is not intenfe enough to inflame the 
grains that are diftant from the vent, while that its elaftici 
is fufficient to overcome the refiftance of the fhot and wad, 
and put them both in motion. 

82. It may be concluded from the preceding obfervations, 
that the form of the veffel in which powder is burned has no. 
influence on the force of the elaftic fluid. Indeed, as the 
powder may be more compact in one form of chamber than 
in another, the fire, in {preading itfelf from the vent with 
more rapidity, may inflame more grains ; thus a greater 
quantity of the fluid may be produced in cqual times, but 
the abfolute force of an equal portion of it will not be in- 
creafed. Mortars with fpherical chambers give the longeft 
ranges ; becaufe, of all the different forms, of equal contents, 
in which chambers can be made, the fpherical has leaft fuper- 
ficies, as may be demonftrated geometrically ; all the powder, 
therefore, is nearer to the vent in this chamber than in any 
other. 

83. As the properties of fired powder are the fame in 
fire-arms of all calibres, in proportion to the compactnefs of 
the charge around the vent, the refiftance oppofed to its ex- 
plofion, and the variation in the denfity or moifture of the 
atmofphere ;_ it is evident that, in firing equal quantities of 

of the fame quality, at different times and places, 
different. effe&ts will refult. If the ftate of the air be al- 
tered, both with refpect to denfity and moifture, the ranges 
will be ‘fenfibly thorter, as the fucceffive inflammation of the 
gtains will be flower: this frequently occurs when cannon 
are fired over the fea, lakes, or marfhy grounds, from which 
there'is a {trong exhalation. oy 
; t 
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It will be fhewn, in the fecond part of this treatife, that the 
initial velocity of a mufquet bullet, in a very moift day, is to 
its velocity, with an equal charge, in a dry day, as fix to 


even. 

84. It might be fuppofed, that experiments made at diffe- 
rent times and places, with mortars conftruéted with the 
fame propertions, and from the fame model, might be con- 
clufive in proving the comparative goodnefs and force of 
different powders; but the contrary is the cafe: for, inde- 
pendant of the varieties enfuing from alterations in the ftate of 
the atmofphere, there will inevitably be a difference in the 
conftruGion of the mortars, in fpite of the utmott precau- 
tion of the founder. Thefe differences, or inequalities, 
though fearcely difcernible, will neverthelefs greatly affect the 
range; even if the mortars are fired from the fame fpot, in 
the fame pofition, .and with all other circumftances as nearly 
correfponding as poffible. 

85. To afcertain the goodnefs and force of powder, by 
proving it with a mortar— 

1. Fire fome rounds with a particular powder, made 
with the greateft exactnefs, called proof powder ; then fire 
the fame number of rounds, from the fame mortar, 
charged with an equal quantity of the powder to be 
proved, which fhould be of the fame kind as the proof 
powder: if the ranges be equal, the force and goodnefs 
of the powder Is afcertained. It fignifies little whe- 
ther the proof powder, provided that it be in good pre - 
fervation, has at other times given longer or fhorter 
ranges; fince this comparative trial proves that the two 
powders are of equal force. 

2. Before the proof, the two powders fhould be ex- 
pofed to the fun for fome time; (63, 66.) and the 
proof made on a day when the air is clear and ferene. 

3. To leffen the varieties that any alteration in the 
rarefaction of the air might occafion in the inflamma- 
tion of the powder, or the refiftance of the fhot, the 
two powders fhould be fired as nearly at the fame time 
as poffible, and in {mall quantities, that the whole charge 
may take fire: wherefore, if the chamber be cylin- 
drical, as it commonly is in proof mortars, and the vent 
fituated at the bottom, the charge ought not to exceed 
one diameter of the chamber ; though a larger quantity 
might take fire, if the powder be of fufficient ftrength. 

4. The 
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4.20 he mortar fhould be firmly fixed in a heavy bed, 
that the machine may not be deranged by the explo- 
fion, and laid at 45°; the fhot thould be of equal 
weights and diameters, with the centre of the figure 
corrgfponding with the centre of gravity: without 
thefe precautions, the refult of the experiments can- 
not be depended upon. 

In this manner the goodnefs and force of powder may be 
with more accuracy afcertgined, than by any other method 
yet invented: for complicated machinery is fubject to nu- 
Merous accidents; many of which are avoided by fixing the 
nrortars fo folidly and firmly in their beds, as to form as it 
were but one fimple machine, : 


CHAP. V. 


Or tHe CHARGES THAT GIVE THE LONGEST 
RANGES. 


86. To afcertain the charges that give the longeft 
ranges, has ever been One of the chief objets of refearch 
among artillerifts ; it is to be deduced from the fecond pro- 
perty of powder, and can only be known by experiments 
made in particular cafes. Having proved, in the preceding 
chapter, that the fecond property of powder has effec in all 
fire-arms (47,71), and that the quantity which takes fire 
is in proportion to the refiltance to the explofion, the denfity 
of the air contained between the grains (72, 74), the fize 
and pofition of the vent, the form of the chamber, and the 
ftate of the armofphere (82), it is impoffible to fix invariably 
the charges for giving the longeft ranges; the utmoft that 
can be done, is to eftablifh rules adapted to certain deter 
mined circumftances: and, in order to render them ufeful 
and conclufive, they fhould be deduced from experiments 
made with guns of the fame calibre with thofe of which the 
proper charge is fought, and the common mode of fring 
fhould be obferved, 

87. In thefe experiments two objects are principally to be 
had in view : 

1. To find the charge which, of all others under 
fimilar circumftances, will with powder of the fam¢ 
guality produce the longeft range. 

Cc 2. T9 
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2. To afcertain the greateft quantity of the fame 
powder that takes fire in the piece, fired precifely in the 
fame circumftances. This diftinétion muft be carefully 
obferved, 

Tt has been demonftrated, in {peaking of (hort guns (80), 
that when the greateft number of grains take fire, the range 
is not always the longeft: Now it is a to extend this de- 
monttration to pieces of all lengths. ‘Co fuppofe that the 
charge is entirely converted into elaftic fluid before the fhot 
begins fenfibly to move from its place, and that the fluid 
prefervés conftantly the fame degree of heat, is to confider it 
as liable to no other modification than expanfion as it pafles 
along the bore of the gun, which is proved to be falfe in the 
experiments related in the Philofophical Inftitutions. It is 
there fhewn, that the longeft range is obtained from a charge 
that occupies about 47 of the length of the bore, and that 
all other charges give fhorter or longer ranges according to 
their deviation from this proportion, Thus the expergnents 
made with the powders defcribed (40), far from invalidating 
the former conclufion, on the contrary confirm it ;, by pro- 
ving, that in fire-arms overcharged with powder, .and the 
fhots and wads rammed as ufual, all the grains de not take 
fire, and that all the elaftic fluid is not generated before the 
thot iffues from the mouth of the piece. Whence on'com- 
paring two unequal charges of cannon powder, the {mallet 
of which is entirely confumed in the piece, while the larger 
is only confumed in part; it will be feen, that though the 
longeh range might be expected from the largeft charge, as 
more of it may take fire; yet conclufions entirely oppofite 
may be drawn from practice : whether it is, that the unfired 
powder increafes the weight of the fubftances to be impelled ; 
or whether from the quantity of the charge, the {pace through 
which the fhot fhould pafs is too much diminifhed... Since, 
then, in fpite of the inflammation of a greater number of 
grains, thefz large charges do not always give the 
ranges, and they ulelefsly increafe the confumption of pow- 
der, and (hatter the carriages; our principal object fhould be 
to determine precifely the charge which, of all others under 
fimilar circumftances, will give the longeft range in pieces 
of all calibres. ; 

88. There are three methods of determining experimentally 
the charge that impels the fhot with the greateft force, and of 
courfe gives the Jongeft range. B 

i, by 
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1. By finding the initial velocity of the fhot near the . 
mouth of the piece. 

2. By firing againft a butt penetrable and homoge- 
neous, in which may be meafured the ; enetrations of the 
fhot. 

3. By meafuring the length of the ranges, 

The laft method is the moft complex, and gives approxi+ 
mations leaft exact; as feveral circumftances may concur to 
jmpede the motion of the fhot, and alter it’s direCiion ; but, as 
jt is moft common in practice, we will firftexamine it. The 
jnveftigation of the others will lead us to the folution of feveral 
yery important problems. ; 

To find tre charge that gives the longet range— 

1. Fire feveral rounds from the fame piece, under 
circumftances as nearly fimilar as poffible, with fhot of 
the fame kind, and with wads rammed with the fame 
force as is generally employed ; in a word, with no other 
difference char in the quantity of powder. 

2. Continue firing till a charge be found, any increafe 
or decreafe of which gives thorter, or at leaft equal ranges, 

3. Alter the elevation of tke guns, and fire feveral 
rounds in each pofition, till the proper charge be found. 

Impreffed with a neceflity of adhering to thefe principles, and 
anxious, at the fame time, to avoid a prolixity that could add 
nothing to the exactnefs of the conclufions, the officers of ar~ 
tiflery at Turin, in making the following experiments, laid 
the gun, at firft, horizontally, and afterwards, at the higheft 
elevation the carriages would admit of. 

8g. The experiments began the 7th of February, and ter- 
minated the 3oth of March, 1746. They were. generally car- 
ried off in moderate weather, and in the afternoon. Several 
rounds'were fired from each piece, with equal charges. The 
guns were mounted on a part of the fortitications of the city, 
where the axis of the piece was thirty feet higher than the level 
of the country where the fhot fell. In the djreétion of the 
range a line was traced, and pickets fixed in the ground at every 
hundred feet ; and, to prevent all poffibility of miftake, each 
picket was numbered. To the right and left of the ’ 
men were pofted to mark exactly the {pot whierethe thot firft 
bag while the officers made the neceffary obfervations upon 
t 2 Which moved freely upon a folid horizontal plat- 
form, twenty feet m length, and ten in breadth. The guns 
were four, eight, fixteen, and Say: xe pone) and thofe 

2 which 
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which had the bore cylindrical, and the vent firuated at the 
bottom, were conftructed according to the proportions laid 
down i in the Firft Book of Artillery. 


Nature of Guns. Length of Bore. Weight. 
Pounders, Calibres. Cur gq. fb 
4 Se. see) te 1 9 
8 _- 27 _ 13 2 «#10 
16 — 23 _ 31 3. «26 
32 —- 20 — 57 2 197 


They were fired on their carriages, and loaded with the 
ladle: the powder was the common-grained cannon pow- 
der; four firokes of the rammer were given to the wad over 
the powder, and three to that over the fhot, by the fame 
gunner, and as n as poffible with the fame force. The 
wads were of. sale hay, properly gauged; the thot were 
weighed, to fee that they were exadly equal in weight ; and 
the windage was in the ratio of twenty to twenty-one. 

- The guns being leaded, and pointed along the range, were 
fired with the axis always horizontal; which was afcertained 
by the pendulum and- water-level. . After each difcharge, the 
length ef: the: recoil was meafysed ; the wheels were placed in 
the fame pofition, between lines, to prevent the flighteft dif- 
ference. The coins placed_under the breech were marked be- 
fore the difcharge; and if moved by the fhock, the expe- 
_ iment was not confidered as exact. 

Thefe precautions being taken, the fmallen charges were 
ufed at firlt, and increafed gradually till the ranges began 
to diminifh...three rounds, at leaft, were fired with each 
charge. The charge that gave the longeft-range having been 
afcertained: by repeated: firings, the principal object was, during 
the lalt Rve days, to remark what. alteration might. arife from 
any change in.the ftate of the atmofphere ; with this view, the 
fame gun -was fired each afternoon, with the charges marked 
in the following table. For example, from the four- pounder 
three-rounds were fired, with each of the charges of rlb. 4 0z. 
rib. rooz. 2Ib, 102. of powder: the following day, from 
the aight-pounder three rounds were fired, with. the. charges 
of 2lb. 70z. glib. soz. and 4lb. 20z. of powder. In 
Jike manner the fixteen-pounder was fired on the third, and 
the thirty-two-pounder on the fourth day. At length, to 
form a comparifon of the ranges of the different guns, on the 
fifth day the four and eight-pounders were fired, with charges 

equal 


OF GUN-POWDER. 37 


equal to half the weight of their fhot,: the charges of the fixteen 
and thirty-two pounders were equal to + of the weight of their 
fhot. The following table will thew the refult of the ex- 
periments during the five days. 


Nature of Weight of Length of Recoil. 
Guns. Powder. Range. 
Pounders. , 2b. ox. Yards. Inches. 
14 .— 478 — 43 
4 1 10 _ 489 _ 62 
2 1 _ 472 _ 72 
, 27 = 512 a 45 
8 35 = 532 — 
C4 2 — 532 = 82 
3 5° = 5°5 — 42 
16 46 — 526 — ae 
415 “— 522 _ 78. 
69 — 485 — 5 
32 ' $812 — 492 — 71 
" 9 3 _ 489 — . 82 


go. Thefe experiments having been made with the great- 
eft aceuracy, we may conclude, that in cannon fired under 
fimilay citcumflances, the charge of powder which will give 
the longeft range, is equal to half of the weight of the shot 
in four and cight pounders, and to 3 of its. weight in fixteen 
and thirty-two pounders ; and moreover draw the following 
inferences with refpeét to two important effets which con- 
ftantly appear. ; 
- 1. The recoil always increafes in proportion to the 
-gugmentation of the charge, that the length of the 
f, | range increafes to a certain point, and afterwards de- 
creafes in a much lefs ratio than the recoil increafes, 
‘2 That the charge which gives the longeft range in 
‘pieces of fmall calibre, is proportionally larger than in 
‘ pieces of large calibre. ; es 
61. The following experiment will explain the caufe of 
the fitft effe& (go, No. 1.) : Charge any piece of ordnance 
with the greateft. quantity of powder that will all take fire 
without.‘a wad; after the difcharge mark the recoil: ufe 
agaitt: the fame quantity of powder,.with a wad ftrongly 
ram@ied on ic; the length of . the recoil will be greater than 
at the fir difeharge: fire a third round with the fame charge 
ee C3 well 
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well wadded, with the addition of a fhot and wad over ity 
the. length of the recoil will be again increafed. At length, 
with fimilar charges and wads, and, inftead of one, putting 
two orthree fhot into the gun, the recoil will increafe in pro« 
portion to the number of fhot, and the range will diminifh, — 

g2: We may eafily apply this fa& to the experiments. of 


fe has been proved (71 75), that only a limited quantity 
of caanon powder takes fire: thus, till the charge be fo pro- 
portioned as to be all fired in the piece, a greater quantity of 
elaftic fluid is generated in proportion to the largenefs of .the 
charge. Now -confidering the gun and its carriage taken.to- 
gether as aconftant quantity termed C, and the fubftances 
impelled towards the mouth of the gun, viz. the two wads 
and the fhor, as P; the length “of the range ought to be to 
the length of the recoil as C : B, without making allow- 
ance for friGion and-the refiftance of the air to the motion 
of the thot. But asthe fpace that the fhot thould move 
through in the piece is diminifhed in proportion as the 
charge is increafed,-and: the vis matrix confequently acts up- 
- on it for a thorter time; the decreafe of impulfion muft be 
deducted from the .aéion of the’ elaftic fluid generated in 
greater quantity.as the charge 3s larger : Hence it refults, that 
the ranges are proportionally fhoeter than the recoil, though 
they both moreafe:as ithe charge is augmented. os 
t if the ctiarge be fo auzmented, that a part I arrives 

at the mouth of.:theipiece without taking fire, then the fub- 
ftances to be-impelled being m greater quantity, the fame 
circymnftance that occurs when feveral fhot are put into the 
piece will in part occar here. As no more grains will be 
fired, than if the charge were fmaller and all ignited, the fhot 
will acquire iis velocity; bur the reaction azainft C increafing 
at the fame time, the recoil will be greater than before. 
The fubltances P +1 forced towards the mouth of the piece, 
prefenting to the explofion of the elaftic fluid a greater re- 
fiftance than P alone, and the number of ignited grains and the 
quantity of fluid generated during the time that the fhot is 
moving along the bore being more confiderable, the abfolute 
increafe of fire acting againft the gun and carriage muft alfo 
augment the recoil; while the range may be fhorter, equal, 
or longer, than that produced by a charge that is entirely 
confumed in the gun, in the ratio that the increafe of fluid 
bears to the fub/tances P+1, and to the fpace that the thot 
has 
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has to move through in the piece. This fhews clearly, that 

the ranges or the initial velocities of foot impelled from guns 

are proportionally lefe than the recoils, and that if the charge 
be augmented to a certain point, the ranges will diminith, 
while the recoils will increafe. 

-  g3 Thus, very large charges fhould never be ufed in the 
fervice of artillery, as the ranges from them are fhorter, or at 
moft but equal; and befide fe ufelefs expenditure of pow- 

der, the carriages are foon rendered unferviceable, and the 

greater part of the fhot are of no effect. 

94. The caufes of the recoil merit a more particular exa~ 
mination. There are two motions in the breech of a gun, 
at the inftant of difcharge; one up and down, by which it 
finks into the coins, and fometimes throws them upon the 
ground, if too obtufe or improperly placed: this reflected 
movement of the breech takes place when the center of gra- 
vity of the gun is too near to the axis of the trunnions, or 
when the coins are made of too elaftic a fubftance. The 
other is an attempt to retire with all the machine in a di- 
reCtion oppofite to that of the movement of the thot, which 
is termed the recoil. 

g5- The better to underftand the caufe of this double mo- 
tion ; let a retifting veffek; in which powder takes fire, be fup- 
pofed to have the vent ftopped at the beginning of the in- 
flammation, no motion will in this cafe be perceived, becaule 
the elaftic fluid, preffing equally upon the fides of the con- 
taining veffel, and all :the parts. having a mutual attraQion, 
its powers are in equilibrio: the balloon’ inflated with air is 
a very fimple. demonftration of this. 

96. But if the-elaftic fluid can efcape through an aperture 
made on purpofe, or through a cleft canfed by its action on 
the fides..of the veffel,..it willbe impelled in a direction op- 
polite to the.aperture, with a-force propértionate ta.the den- 
fity and velocity of the fluid. For the elaftic fluid in 
efcaping meets refiftance from the external air, and impels 
it and the veffel in oppofite:directions ; and if the veffel itfelf 
be not equal in weight to the ation of the fluid, it will be 
put in motion: fince the column of air which refifts this 
motion, and tends to preferve the veffel in a fate of reft, will 
not be able to prevent it ; (its refiftance being proportional to 
the velocity of bodies moving in it:) the greater the velocity 
with which the fluid ruthes out, the greater will be the re- 
fltance, and the longer the recoil : a number of experiments 

C4 might 
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might be adduced in fupport of this, bat the common fkys 
rocket fully exemplifies it. 

97. When fire is introduced into the vent of a gun, the 
action of the breech againft the coins is in proportion to the 
denfity of the elaftic fluid in the charging cylinder: nqw as 
the wad and fhot cannot move before there be a fufficient 
quantity of the fluid generated to overcome their refiftance, 
and force out the column of air from the bore of the gun ; 
if the wad be too ftrongly rammed, or a part only of the 
powder take fire, or more than one fhot be put into the 
gun, or it be more elevated at one difcharge than another, the 
refiftance to the fluid being increafed by one or more of thefe 
caufes, a greater quantity mult be generated before the fhot 
and wad will be moved. Before this motion commences, 
there can be no recoil (95), for the fhot and wad form, as 
it were, a part of the gun itfelf: wherefore, if fo large a 
quantity of fubftances be put into a gun, as totally to pre 
vent, by theit refiftance, the efcape of the elaftic fluid, there 
will be no other movement in the piece than that of the 
breech up and down againft the coins ; which might, if ne- 
ceffary, be more fully demonftrated. Moreover, fince a 
part of the elaftic fluid efcapes through the vent during the 
time of its generation in the charging cylinder, it is cleat, 
that the action of the breech againft the coins in the oppo- 
fite dire€tion, muft commence as foon as the powder takes 
fire, but the recoil will begin fooner or later according to the 
refiftance oppofed to the explofion, 

98. Hence, if the movement of the breech up and down 
has not totally ceafed before the fhot quits the gun, it may 
be thrown above or below the point aimed at. When the 
wheels are of unequal diameters, or not placed in the inter- 
vals of the correfponding lines and nails, or the platform on 
which the gun moves while the fhot is paffing along the 

bore, is not even and folid ; in all thefe cafes, the gun will not 


recoil in the proper direction, and the fhot will be ‘thrown 
wide of the mark. < *: 

gg- The length of the recoil during the time that the 
fhot is paffing along the bore varies according to circum- 
ftances. If the charge, for inftance, be rammed in the com- 
mon method, and the gun placed on an even horizontal 
platform, the elaftic fluid muft exert more force to move the 
charge than to move the gun ; as is the cafe in ufing the wad- 
hook to draw out the charge, the gun being drawn.forward 


before 
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before the wad is difplaced. If, on the contrary, part of the 
platform be raifed, the fame force that will draw out the 
wad will not be fufficient to draw the gun up the inclined 
plane. Similar varieties occur in the recoil, when the ele- 
vation of the gun is altered, or the wheels turn more freely 
on the axle-tree. 

_ To give to this queftion a practical folution, with refpect 
to charges that all take fire in the gun; let the gun and car- 
riage be confidered as one era the wads and fhot=P, 
the length of the bore from the fhot to the muzzle = D, the 


PD . 
recoil will er Let one round be fired with a wad 


over the powder, and the recoil=A. Let a fecond be fired 
with the addition of a fhot, the recoil=B will. be greater 

PD BPD 
than A;andA:B:: —: 

Cc AC 
in the time that the thot is paffing along the gun. This ex- 
periment having been made with a thirty-two. pounder, 
charged with common powder, and fired horizontally on a 


=the length of the recoil 


horizontal platform =yaninch. So that if the plat- 


form be very folid and even for jan inch, at the fpot on 
which the wheels and trail of the carriage reft, the remain- 
der of the platform is only ufeful in facilitating the operations 


BPD 
of the artillery-men ; indeed, as the value 


may from 


circumftances vary a little, allowance fhould be made for it. 

» roo. Let the fecond effe& (go.N°2.), viz. that the 
ebarge which gives the longeft range in pieces of fmall calibre, 
38 proportionally greater than the charge which gives the lon- 

eff ranges in pieces of large calibre, be now confidered. 

his effect, which conftantly appeared in the foregoing ex- 
periments, could only proceed from the fize of the vent being 
equal in the four guns, and from the wads being rammed 
with the fame force. From the former circumftance, a re- 
latively greater degree of fire is produced in the fmall guns ; 
and from the force with which the wads are rammed, the 
powder is more compact, and the charge adhering clofer = 
the 
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the fides of the gun, the refiftance is increafed, and more 
grains are fired... , 

rox. In the {pring of 1750, the officers of artillery beigg 
directed to invettigate.fome profeffional points under the or. 
ders of the Chevalier Ferrero Bi Ponsiciions, ‘made 
feveral experiments to find the charge that gives the longeft 
range, when the piece is fired at the higheft elevation the car- 
riage will admit of. The guns were of the fame calibre and 
proportions as in 1746, only the fhot being rather larger, the 
windage was lefs. “They were loaded with the ladle with 
‘different charges of common grained cannon powder : three 
rounds were fired from each gun with the fame charge; the 
fame artillery-men gave five ftrokes of the rammer to the 
wad over the powder, and three to that over the fhot ; the 
guns on their carriages, moving freely upon a horizontal 
platform were always laid at the fame elevation, ana every 
precaution was taken to load them equally; and meafure 
exactly the length of the ranges, upon a flat piece of ground 
nearly on the fame level with the battery. 


Refult of Experiments made in the Spring of 1750.. 
Natureof Guns. Weight of Length of Recoil. 


Powder. Range. 
Pounders. Elevation. Ib. oz. Yards. Inches. 
2 . — 23750 = 52 
° 2 — 221 — 60 
4—~ 4 214 — nine — 70 
3 5 — 2526 — 76 
3 5 — 2321 — 46 
4 2 — 2463 -— 65 
Bo — ° 4°15 — 2486 — 85 
512 — 2375 — 102 
69 — 2675 — TI9: 
512 — 2659 —- 97f 
- 69 — 2860 — 46 
° 7 — 2663 — go 
16 — 12 8 ; — 28109 —— 97 
9 0 — 2764 — 108 
913 — 2892 -— 113 
rr 8 — 3172 — 7 
1302 = 3032 — 120 
32 ——~ rh’s 14 6 == 2995 —— 124 
16 6 == 3220 —= 146 
18 0 — 3084 — 168 
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— ¥o2. It refults from thefe experiments, that the charges 
that give the longeft ranges when cannon are fired at the 
higheft elevation their carriages will admit of, are greater 
than thofe which produce the fame effeét when fired hori- 
gontally (89). But the ranges do not increafe in the regu- 
lar progreffion that might be expected. For inftance, in. 
the fixteen pounder, the charges of 5lb. 120z. and 7 Ib. 
3 0Z. gave ranges nearly equal, while 6lb. g ox. gave one 
much longer. Thefe irregularities proceed from the diffe- 
rent charges not having been fired on the fame day; the 
glb. 1202. were fired the 23d of March, the 6lb. g oz. 
the day following, and the 7 Ib. 302. on the rift of April; 
if they had been fired on the fame morning, the modifica- 
tions in the explofion of the powder, and the air’s refiftance 
to the fhot, refulting from the alterations in the ftate of the 
atmofphere, would have been avoided: in the 4th and 5th 
chapters of the fecond part, this matter will be more fully 
difcuffed. 

On repeating thefe experiments with fuch precautions as 
to avoid the modifications arifing from changes in -the ftate 
of the atmofphere, the charges (ror) that give the lon 
ranges will be found to be almoft double of thofe ufed in 
1746; but the increafe of range is of little importance com- 
pared to the increafe of the recoil, and the greater fhock 
fuftained by the carriage ; thefe large charges fhould never be 
ufed for- common fervice. 

103- In experiments of this kind, a remarkable inequa- 
lity between two ranges from equal charges of powder will 
occafionally occur, though every precaution betaken to fire 
them under circumftances as nearly fimilar as poffible. 
Thefe inequalities were neither fo Penient nor confide- 
rable .in x40 as in 1750; but it is impoffible totally ta 
avoid them, for fuppofing the direétion of the guns to remain 
unaltered at the explofion, yet there are two caufes which 
feparately or conjointly may render the ranges from equal 
charges of powder unequal. 

. 1. The thot in paffing through the plane of the gun, 
may not exactly follow the dire@ion of the bore; or on 
quitting the gun, it may take a different direction. 

304. 2. The powder may not be equally well collected 
in the piece, fo that charges though equal in quantity, 
have not the fame figure: large charges are more liable 
to this accident than fmaller ones, particularly when 

rammed 
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rammed with the fame force. In this cafe the quantity 
of powder fired in the larger charge, varies in proportion 
to the difpofition of the grains to inflammation; for in- 
ftance, in guns laid above the horizon, more powder 
ought fo take fire, as the refiftance to the explofion is 
“greater. The larger the charges, the more frequent 
are the inequalities in the ranges independent of the 
violent concuffion of the carriages. 

105. Wherefore, the two extremes of very large or very 
fall charges fhould be equally avoided ; for the firft does 
not compenfate for the uncertainty of their ranges, or the 
great increafe of recoil, by the additional velocity and force 
given to the fhot: and with very fmall charges, the leaft 
difference in the fize of the wads or ramming, caufes a great 
alteration in the impulfion of the fhot and ultimately in 
the range; as is often feen in richochet-firing, and in mor- 
tars loaded with fmall quantities of powder. 

106. This object of afcertaining the charges that give the 
longeft ranges, has engaged the attention of the French, as 
well as the Piedmontefe artillerifts ; and the refult of their 
experiments appears to be, that in cannon of large calibre, 
the charge ought to be about } of the weight of the fhot. 

The knights of Malta, on feeing the report of the French 
experiments, were induced to direct Sig. MARanpDonE, 
enginecr of the order, in the month of Auguft, 1747, to 
repeat them. He fent to the regiment of artillery at Turin 
a detail of his practice, and afkeg the opinion of the officers 
on the conclufions to be drawn from it. Having obferved, 
that ‘on ufing larger charges than 7 of the weight of the fhot, 
the ranges {till increafed proportionally ; he did not think it 
neceffary to purfue his experiments for finding the charge 
that would give the longeft range ; and judging that the 
French powder was weaker than his, he concluded that 
when cannon of a large calibre are charged with a ftronger 
powder than the French ufe, the charge which ought to pro- 
duce the longeft range, mut exceed } of the weight of the 
fhot: this conclufion is conformable to our theory, and the 
refults of our praice. 

It is clear then, that the artillerifts in former days, con- 
fumed a fuperfluous quantity of powder, in making the 
charge equal to the weight of the fhot: it even fometimes 
exceeded it, as their powder was much weaker than that 


now in ule, 
107. The 
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- 107. The charges we have laid down as giving the longeft 

ranges (89, 102} are under fimilar circumftances, the fame 
in all guns of the fame calibre, whatever be their length ; Gince 
the increafe of length docs nor generally caufe the inflam- 
mation of a greater number of grains (71) the charge which 
in one gun will give the longelt range will give it equally in 
a fhorter one of the fame calibre: very fhort guns are in- 
deed an exception to this rule ; for in them the aétion of the 
elaftic fluid upon the thot in two unequal charges that all 
take fire, is at leaft equal, or even greater, in the fmalleft 
charge ; as the fhot having a greater length of the bore to 
pafs through (80) is longer impelled by the elaftic fluid. 

108. It only then remains to afcertain the beft charges for 
fervice; we fhould previoufly recollect, that the great utility 
of fire-arms confifts in two points,: the firft and principal 
one is, to {trike the objet aimed at; the fecond is, to ftrike 
it with a due degree of force. The firft is ever indifpenfable ; 
the fecond admits of certain modifications: for the greateft 
force that fire-arms can produce is not always requifite ; and 
even when it is (Philof. Inftit.) it is better to diminifh the 
charge, and leffen the effect of the fhot, than run the hazard 
of miffing the object, from the uncertainty of ufing very 
large charges; this needs no illuftration. Befide, brats 
guns fired frequently with large charges are in a few days 
rendered unferviceable ; wherefore the advantages and dif- 
advantages attending the ufe of them fhould be fully weighed, 
as upon the prefervation of the guns may entirely depend 
the fuccefs of an enterprife. 

10g. Toapply thefe confiderations to practice, and com- 
bine the juftnefs of the range with the neceffary force, and 
with the prefervation of the gun and carriage; the charges 
of powder for fixteen and thirty-two pounders, ought never 
in the attack and defence of places to exceed half of the 
weight of the fhot, if the gun be properly proportioned 
(89) and fired at the diftances fet down in the fecond and 
third book of Military Architecture, and the Treatife of Ar- 
tillery ; this we will call the largeft fervice charge, and fhould 
only be ufed in cafes of neceffity : the fmalleft fervice-charge 
fhould not be lefs than } of the weight of the fhot, and 
the medium charge + or } of its weight. 

The charge for eight and four pounders fhould vary ac- 
cording to circumftances, from + to 3 of the weight of the 
fhot : the wads in thefe pieces and in thirty-two and fixtcen 
‘ pounders, 
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pounders, fhould be rammed in proportion to the weight of 
the charge, in order to produce the proper effect ; perhaps 
too much force cannot he ufed, provided that the grains of 
powder are not crufhed and beat fo clofe as to prevent the 
fire from penetrating. The charge for richochet and red- 
hot firing, is very {mall in proportion to the calibre ; it de- 
a in fieges on the fituation of the gun, as the diftance 
‘om the enemics batteries is the only point to be confidered. 
The charges for field artillery in general actions, in affairs 
of pofts, in attack and defence of intrenchments, &c. fhould 
be between } and j of the weight of the fhot, according to 
the calibre and weight of the gun. 
rro. Though our obfervations have been hitherto confined 
to the proper charges for guns; yet thofe for mortars may be 
eafily afcertained by knowing the quality of the powder, and 
the form of the chamber. All the mortars now in ufe, in 
which the communication between the chamber and the 
chafe is narrower than the greateft diameter of the chamber, 
as the {pherical, elliptical, parabolic, and thofe in form of a 
pear, always range the fartheft, when the chambers are filled 
with the common cannon powder, and the fhell cl cons 
fined by well fifted earth rammed upon it; it is clear mi this 
cafe that the charge cannot be augmented. Befide the con- 
cuffion is more violent, and the ranges are lefs exact, when 
the chambers are not filled; therefore, to throw a fhell to a 
certain point, the chamber fhould be filled, and the range 
regulated by the degree of elevation. 

111. We will conclude this chapter by fhewing experimen - 
tally how much the difference in the fize of the vent affeéts the 
force of the fhot. A mufquet wastaken .§, of an inch in 
diameter, and 33 inches in length of barrel. The axis of 
the large ferew which clofes the breech, was perforated with 
ahole ,{; of in inch in diameter, with fpiral fides to receive a 
{maller {crew ; one end of the {maller fcrew was armed with q 
little piece of red hot iron, to fet fire to the powder in the 
barrel ; to the other end a winch was fixed to {crew it up; 
at the part where the vent is generally placed, a circular hole 
with {fpiral fides was drilled ;5, of an inch in diameter, to 
which three {crews were fucceffively applied ; the firft exacly 
clofed the opening, and confequently forced all the fired 
powder to pafs through the muzzle. The fecond had in its 
axis a hole or vent +5, of an inch in diameter, through which a 
part of the fluid might efcape; and the third had a vent of +5 

co) 
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ofan inch in diameter. ‘The mufquet thus prepared was 
loaded each time with ro drachims of fine powder put into 
cartridges, and with an iron ball 14 oz. in weight ; the wads 
were rammed down with equal force by the fame man. 

The experiments began by fring the mufquet with the 
{crew that entirely clofed the vent; it was then fired with the 
fcrew +’; inch in diameter; afterwards with that of ,3,, and at 
length without any fcrew. The charges were fired by the 
hot iron {crewed into the breech: the object was a plank 
placed at 5 feet from the muzzle of the mufquet. 

The medium of the penetration of the balls in 24 rounds 
is as follows : 

: Inches. 
with the vent entirely clofed - - - 6 
In the dif- } with the vent ,',of an inch in diameter - 8 
charges } with the vent ,3, of an inch in diameter - 67 
with the vent ,*, of an inch in diameter - 4 


It refults from this experiment, that when there is no 
vent lefs powder is fired, and that which does take fire burns 
more flowly. If the large vent be left open, and a fheet of 
paper ftretched at 2 feet from it; the paper will be pierced full 
of holes by the powder forced through the vent at the explo- 
fion. Soldiers firing in line are often pricked in the face by 
grains of powder driven with force from’ the mufquets on 
their left ; the common opinion that thefe grains are a part 
of the priming is erroneous. 


SECOND PART. 


‘Os tur Force or ringp Gun-fowper. 


112. I T was thewn in the former part of this work that 
the principal properties of powder are fubje& to many mo- 
difications, even in experiments conducted with the utmoft 
care. How much more important and frequent then mutt 
they be when powder is employed in military operations ; 
where, from the nature of things, there can neither be fo 
much attention paid to prevent irregularities, nor fo much 

accuracy 
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accuracy in the conftruction of the machines, In calculat- 
ing effeéts deducible from phyfical caufes, a precife folution 
of the problem can never be obtained; it is always com- 
prifed within limits more or lefs diftant from the abfolute 
truth, in proportion to the number of caufes that conduce to 
the fame effect. Confequently in meafuring the force of 
powder fired for military purpofes, no precifion can poffibly 
be expected ; and from the nature and number of adventi- 
tious circumitances, the limits thst comprehend the folution 
of the problem mutt neceffarily vary ; fometimes even a ge- 
neral principle will be only applicable to particular cafes. Be- 
fides, as artillerifts frequently prefer obfervations drawn from 
practice to rules deduced from theory, it is neceffary to divide 
the problem into diftin@ parts, and confider each of the con- 
ditions feparately, in order to combine as much as poffible 
theory with pra@tice. In the courfe of this examination we 
thall prove, that this combination is in all cafes advantageous, 
in fome indifpenfable. 

Thefe preliminary remarks lead to the fubject of the chape 
ter. Since the inflammation of the grains, and the total de~ 
ftrudtion of each is effected fucceffively, and in a time pro- 
portionate to the quality of the powder, the fize of the grains, 
&c. and fince on the other hand the force of powder depends 
principally on a permanent fluid generated at the explofion, 
the clafticity of which is increafed by the prefence of fire: it 
follows that this force increafes continually from the inftant 
that the inflammation commences, till all the powder be 
confumed, and then is quickly reduced by the decreafe of 
heat, to the fimple elafticity of the permanent fluid. There 
is then a period when the degree of heat is moft intenfe ; 
but this varies even in powder of the fame quality, when 
fired under different circumftances. As no general and 
conftant law can therefore be eftablifhed, we muft be con- 
tent with afcertaining the greateft degree of force in parti- 
cular cafes ; which founded on certain data, may be ufefully 
applied to the various fervices of artillery. But that none 
of the mott material points involved in the folution of this 
problem may be pafled over in filence, nor any vain hypo- 
thefes and chimerical fuppofitions formed ; Iet us in the farft 
place examine the furce of powder in its moft fimple ftate, 
that is, when reduced by the temperature of the air, to the 
elaiticity only of the permanent fluid, and afterwards in its 
moft complex ftate, that is to fay, at the inftant of oan 

HAP, 
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CHAP. I. 


Tur Mzgtuop oF MEASURING THE Density AND ELAs~ 

. TICITY OF THE PERMANENT FLUID, GENERATED 
FROM FIRED PowDkR, WHEN REDUCED TO THE TEM= 
PERATURE OF THE ATMOSPHERE, 


1X4. To meafure the abfolute elafticity of the perma- 
tent fluid, there fhould be no communication between the 
powder and the atmofphere, either during or after the ex- 
plofion. But it is impoffible to afcertain the exact degree 
of preffure of the fluid in a clofe veffel the inftant after the 
explofion, as its force is then increafed by the heat that re- 
mains in the veffel: nor can a more precife knowledge be 
obtained by delaying the experiment, till the internal air 
be reduced to the fame temperature with the external ; asa 
part of the fluid is abforbed by the fmoke and vapour: the 
abfolute force therefore cannot be afcertained, but the fol- 
lowing experiment will give the moft accurate approxima- 


on, 

Fic. VI. This machine feparates as much as poffible, 
the permanent fluid from the {moke, fulphureous va- 
pour, and caput mortuum of the powder, and diminifhes 
confiderably the action of the heat that remains in the 
veffel. : 

AABB, is a cube of brafs, of which the two fides A 
BB are cylinders terminated by portions of {pheres : 
AA, is made to receive the fcrew EE of another 
hollow cylinder ED DE. FG L are copper veffels 
of different fizes, which fcrew on to BB; HIH 
is a {mall cylinder of brafs faftened to the cube A B, 
by two fcrews HH; within it isa pifton K, nicely 
fitted, which by means of the fcrew I, opens or fhuts 
the pipe oo, pp, that communicates between A A, 
BB. MN is a parallellipipedon of brafs fixed 
to the cube AB by the fcrews M M, and the little 

ipe gq correfponds to rr. SRS is another paralel- 
jpipedon of the fame metal, hollowed in the form of a 
linder ; the opening #2 is filled with a glafs veffel, 
containing a coloured mar the furface of which, & 
: may 


‘50 ’ THE FORCE OF 


may be diftinguifhed through the glafs. At the upper 
part of the parallellipipedon is an aperture R, by which 
the external air ¢ommiuficates with the infide of the 
veffel. V W isa long glafs tube, open at both ends ; 
it is attached to a plate of brafs X X which is faftened 
to SRS, and graduated in the famé manner as a baro- 
meter: yyis afcrew made to turn very nicely in the 
lower part S § of the parallellipipedon S R 8, By means 
of which the furface & of the liquor contained in 
the glafs veffel can be raifed or lowered at pleafure. 
When SR S is faftened to MN N M by the fcrew 36 
of an iron pipe 2, 3 fcrewed onto MN NM at 4, 4, 
the hole R_ correfponds exactly with g: 10, 12, 10 isa 
folid cylinder of brafs, with a little cavity 12 to hold 
the powder for the experiment; it is placed in the 
‘ hollow cylinder ED DE, fo that its bafe ro, 10 refis 
upon the ledge 11, 11, in A, 11, A: its diameter 17, 
17 ought to be about } of an inch lefs than the interior 
diameter 18, 18 of the cylinder ED DE: 5, 7,9 is 2 
piece of iron that fcrews into D D at 7 7; the infide 
. __ is fpirated to admit the fcrew 8, 6, 8 at 5. 
For the fake of making the experiment with more eafe, 
the cube, A B is faftened to a circular bar T T of any 
metal, made as high as may be neceffary for the purpofe 
. of applying the different veffels F G L and fetewred on 
:*-to a tablé or other convenient place at m m.— 
11g. For the experiment, apply RS to NN and fcrew 
on the recipient FG L to BB. Place the cylinder 
10, 12,10 upon the ledge 11, 11, and having put the 
roper ay of powder into 12, fcrew the cylinder 
DDE to AA. At g of the piece of iron 5, 7, 
g lay a thin fheet of lead, and when 5, 7, 9 is fcrewed 
on to DD let fall in 5, 9 a hot ball of iron, which will 
be retained at'g by the fheet of fead. Inftantly {crew 
8, 6, 8 into 5 by the handle 13, 13, fo that 8, 8 may 
exactly fit 14, 143 the point 6 pufhes the iron ball into 
the cavity 12 containing the powder, and 5, 9 is exactly 
clofed by 8, 6 before the explofion can take place. 
When the powder is totally confumed, draw back the 
pifton K by means of the fcrew I which opens the pipe 
eo. The claftic fluid generated at the explofion, foon 
Spreads from the upper cavity into the pipe oo, paffes 
through pp into B LB; thence rifing through r, r, 9, 


q it 
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q it paffes through the hole R_ into the glafs veffel, and 
prefles upon the furface & of the liquor contained in 
it, This preffure makes the liquor rife fuddenly in 
the tube V W, after fome undulations it fixes at a 
height proportionate to the quantity of powder. 

116. If the height of the water in the tube when the 
undulations ceafe be remarked, and the machine remain in 
the fame ftate, it will be found on obferving it, after equal 
intervals of time, that the water continues finking; but lefs 
after the fecond interval than the firft, and lefs after the 
third than the fecond, till at Jength the alteration’ becomes 
imperceptible, except a very Jong interval be fuffered to 
elapfe. At theend of twenty-four hours, the liquor remains 
ftationary in the tube, affected like the thermometer, only 
by heat. 

YT hefe undulations arife from the fmoke of the fulphur 
and the caput mortuum of the powder, having abforbed a 
part of the elaftic fluid: the abforption is confiderable at 
firft, but ite effects gradually diminifh. On comparing the 
‘height of the water when it becomes ftationary with its 
heighth, when the undulations ceafed, the difference will 
denote the quantity abforbed by the fmoke, &c. If the inftant 
the undulations ceafe, the communication between the upper 
_ and lower cavities be clofed by the pifton K, the water ftops 

fuddenly, and never varies in height, unlefs affefted by fome 
alteration in. the temperature of the atmofphere; if, after 
-fome time, the communication be again opened, the water 
will fuddenly fink in the tube, becaufe the elaftic fluid con- 
tained in the lower cavity, rifes to re-eftablifh an equilibrium 
_ With that in the upper ane, a part af which has been ab-« 
forbed by the fmoke and caput mertuum. 

117. It will not be amifs previous to the experiment, 
to make a few phyfical obfervations on the effects obferved 
‘above, and give fome of the motives that influenced the par-~ 
ticular conftruGtion of the machine. When the quantity 
of powder confumed in the experiment is x43 of what the 
upper cavity could contain, if the cylinder E D E be taken 
off when the machine is perfeCtly cool, the {moke and caput 
mortuum will be found attached to the upper part D D of 
the cylinder E D E, and to the upper part 32 of the other 
cylinder 10, 12, 103 the action of the fire will have changed 
the colour of the latter, from its extremity 12, to about one 
third of its length, while no mark of the fire or finoke ap- 

D2 pears 
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atthe other extremity A ro A, nor in the recipient 
F GE. “This proves that when the communication be- 
eween the two cavities by the pifton K is opened, the elaftic 
fuid fpreads itfelf without mingling with the fmoke; there- 
fore, the finking of the furface of the water in the tube, 
when the communication between the two cavities is open, 
and its fudden fixation when it is fhut, can only be attri- 
buted to the abforption.of a part of the elaftic fluid, by the 
fmoke and caput mortuum (116): it was neceffary then to 
form a communication between the cavities, by this or fome 
fimilar contrivance. 

If inftead of +3, of the powder that the upper cavity 
could gontain +45 be burned, the only difference will be, 
hat the mark of the fire and fmoke will defcend nearer to 
the ledge 10, 11, 10, yet without entering the pipe oo. 
‘But, if a much greater quantity of powder be ufed, a part 
of the fmoke will accompany the fluid into the recipient, 
on the opening of ‘the communication, abforb a part of the 
-fluid, and diminifh its preffure on the furface of the liquor. 

The cylinder 10, 12, 10, is defigned to leffen the aétion 
of the-heat.upon the fluid, and prevent the {moke from 
penetrating into the recipient 5 for, 

1. If the powder be fired in ArrA inftead of 12, 

' a partof the fmoke and caput mortuum, would readily 

‘pafs through:the pipe oo into F GL, and not only 

- abforb a‘ part of the elaftic fluid, but alfo clog up the 
pifton K when wanted to ftop the communication. 

“* 9, The cylinder 10, 12, 10, increafing the fuper- 
ficies of the upper cavity, and the fire acting upon a 
greater number of phyfical points, the heat being thus 
communicated to a larger mafsis lefs, as is fhewn in 
the yf part, chap. 1. sg) RE ae 

3: As the heat arifing from the inflammation of the 
powder, and the hot bail is almolt entirely concentrated 

” gn the cavity 12, D, E, and confequently a&s upon a 

art only of the internal air and the elaftic fluid, it 

._ ancreafes the elafticity much lefs than it would do, if 
communicated to the fluid and air contained in the 
whole cavity. This is not only agreeable to the pre- 
ceeding theory of fire, but may be further proved b 
this machine, in the following manner. Having dil- 
pofed all the parts of it properly, without putting 
any powder in 12 open the communication, and a 
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. . fall into 12 a red hot ball; the heat expands the air 

* in the cavity, and makes the water rife in the tube. 
Having remarked its height, take away the cylinder 
10, 12, 10, and repeat the experiment, the ball in 
pafling through ADA to fall into Arr A, rarifies 
-the column of air that it contains, fo much "that the 
water rifes in the tube 15 or 20 times higher, than in 
the former experiment ; but defcends fuddenly, .and 
fixes at a point only three or four times higher. 

118. Having explained the conftruction of the machine, 
the combination of its parts, and the effects that powces 
has on it, is neceflary to examine; 

1. If the elaftic fluid can efcape. This may “be 
afcertained, by condenfing a certain quantity of the. 
air in the machine, and obferving while it is in that 
ftate, if the alterations in the height of the water in 
the tube, amd thofe in a thermometer placed near the 
machine, differ. 

2. The quantity of faltpetre equal to the contents 
of. the upper cavity to. the piftén K, and of the lower 
one from K to the furface of the water contained in 
the glafs veffel taken together faould bekaown. To 
find this, weigh the quantity of water ¢bat will fill the 
two cavities: in our machine, it was -equak to:-46580 
grains. Now as the fpecific gravity of. water ia-fo that 


of altptre aS 10: 19, the laft term 22% 2055° gh ree ad 


expref- 
fes the quantity of faltpetre equal i in: “hae to the con- 
tents of the two cavities. 
119. To begin a courfe of experiments ; , put, fo. {mall 
2 quantity of powder into 12, that the fmoke will.not pafs 
from one cavity into the other; then having properly ar- 
ranged all the parts of the machine, and. clpfed the com- 
munication, drop the hot ball into the canal 5, ‘9, where it 
will be retained by the fheet of lead. Inftantly fcrew on 
8,6, 8 which exactly clofes up the canal 5, g and. puthes 
the ball into 12 to fire the powder: then open the com- 
munication between the two cavities, and when the undu- 
lations of the water in the tube fubfide, clafe it again. 
When the water rifes in the tube, the furface & jn the 
glafs veffel finks: raife it by turning the {crew y y, till it 
reaches the point it was at dake in order always to preferve . 
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the lower cavity in. the fame ftate. Obferve the. height 
of the water in the tube V W, meafuring it from the fur- 
face. & deducting the augmentation proceeding from the 
attra@tion of the glafs. . The effeéts of this attraction are 
known previous to the experiment, by noting how much the 
‘water contained in the tube, is higher than the furface & 
This experiment fhould be repeated feveral times in the 
fame manner, with equal quantities of powder of the fame 
quality, in precifely the fame ftate of the atmofphere, obferved 
by a very accurate thermometer; and the elevation of 
the water in the tube at each time remarked. Neither the 
recipient FG L nor the cylinder EDE fhould be ever 
touched with the naked hand, but with a folded napkin, for 
the contact even of a finger would ina fhort time excite a 
degreeiof heat fufficient to raife the water in the tube. Af- 
ter-feveral repetitions, take the mean height; thus the va- 
rieties occafioned by the abforption of a part of the fluid, and 
the heat remaining in the machine may be accounted for. 
Call this mean height a, and the mean height of a baro- 
meter. filled with the fame kind of liquor as the glafs veffel 


a 
As the fraction rn will exprefs the ratio between the elafti- 


city of the fluid produced from the powder, and that of the 
atmofpheric air. 

#20; In fmall quantities of powder the proportion between 
the faltpetre and the other ingredients may not be exactly the 
fame as in a darger mafg; which in a feries of experiments 
inay caufe a confidetable variation in the elevation of the 
water in the tube. To remedy this inconvenience, grind 
fome faltpetre, fulphur, and charcoal feparately ; weigh the 
faltpetre and mix it with fuch a quantity of the other twa 
ingredients as will moft quickly confume it. The mixture 
need not. be granulated, as the elaflicity and denfity of the 
fluid are the anly objets of refearch in this experiment; the 
phlogitton being enly employed as the means of decompofing 
the nitre. 

s2s. The elafticity of the fluid, though very much di-+ 
lated in the two cavities is exactly proportionate to its den- 


a 
fity : thus the fraction mn expreffing the elafticity =m will alfa 


exprefs the denfity. Now fuppofing the contents of the two: 
cavities 
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cavities taken'together == (118) =31502 grains, 


10 
and the faltpetre made ufe of in each of the experiments =/ 


then ia wil] exprefs the denfity of the fluid contained in 2 


fpace=f. But the non-elaftic fubftances = m which are in 
the faltpetre muft be deducted from f,. call their bulk=rm ; 


ne 
then f—rm will exprefs the quantity of the fluid, and pee 
: —rm 
will exprefs the denfity of the elaftic fluid when confined in 
the faltpetre. 
122. The fpecific gravity of the fiwal generated from 
nitre is fuppofed to be equal to the atmofpheric air. Then 
fince the fpecific gravity of air to faitpetre is as x: 1520, and 
the contents of the two cavities taken together are equal to 2 
quantity of faltpetre=c,; the vii of air in the: machine 
( Fig. 6.) capable of producing air effect » equal to that of the 


fluid fm will be reprefented by tha expreflion Then 
ne Net adie aes Mie : 
fr-m= 7 and fubftituting in this equation the known — 


values c= 31502, f=6 grains, a=i, that of m will be 


=4 grains; and as the quantity of elaftic fluid contained in 
nitre is propertiongte to its mals (57), it will be expreffed by 
the ratip £ 7 =4.0f the’ mafs of faltpetre. It does not 
follow, betaufe the fpecific gravity of this fluid ‘is equal to 
the'atmofpheric air, that it has all the other properties of it ; 
auch lefs that‘it !s pure air: For it has been proved in the 
former part of this work, that the greater the rarefaction of - 
the air, the more difficultly powder is fired. Now the elaftic 
fluid generated from the firft burnt grains not fupplying the 
‘want of natural air, we mutt at leaft allow, that ‘at the firft 
inftant of its generation it is deprived of the property which 
the aerial fluid poffeftes, of accelerating the burning of com+ 
bufiitle bodies. It would be a refearch foreign to our pur- 
poke, to enquize whether the claftic fluid does or dacs not 
acquire this property fome i after its production, 
4 


123. In 
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ne 


323. In the theorem 
form 
of c, , f, m be fubftiruted, and roti that is to fay, if 
the denfity of the non-elaftic fubftances be equal to the den- 
fity of the fixed nitre, 


(121), if the known -valaes 


Juan? 3 the denfity of the elaf- 
tic fluid is then 942 times greater when inclofed in the falt- 
petre, than when in equilibrio with the preffure of 
atmofphere. 
324. The quantity and denfity of the elaftic fluid con. 
tained in faltpetre being known, it will be eafy to find the 
denfity of that generated from a quantity of powder fired in 
a clofe veffel. -Suppofe the veffel be exprefied by a mafs of 
altpetre, the weight of which=G;. the edlaftic fluid will 


=< the non-elaftic fubtances= 2, and their mats 


3G 


3S (122). Thus G-BS_BS, will be the Volume 


of the fuid <. | 

If the quantity of powder fired in the veffel G be expref- 
fed by b+-p, where / denotes the quantity of fluid contained 
in the powder, and p the fulphur, charcoal and fixed nitre; 


and after the explofion, the mafs of non-elaftic fub@ances 
=qp, then the volume of the fluid, after the powder is fired, 


will be G—gp. Now, if the value of this fluid w=, 
its denfity in the volume G—pg would be to ae denfity in 


43G mc ome 43 sie . 

the volume C38 Jara fare xg <Go@p 942: 
43G _ 500G , , 

942X ¢F (G—79 (Com: But if the volume of the fluid 

be only 4, then the proportion will be <: b:: ee : 

cP a the denfity required. For example, fuppofe the vef- 
G—py y req pie, sUppo! 


fa 
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u G be filled with war powder: From the compofition of 
this powder p= 3), and a veffel which could contain a quan- 
tity of faltpetre = G is filled with a quantity of powder 
weighing = ° , and the value of g is known by other expee 


riments=to about =: then bapa gate s now fab- 


ftituting in the place of b the numbers and values of G and bs 


b ob 3500 : : 
ay toh ae 77 1a Matis to fay, the denfity 


1§ Pus 
“of the fluid provuced ia the vetlel G is. equal in this tale to 
1gz times the denfity of the fame fluid when its elafticity as 
equakto the mean preflure of the atmofphere. . 
1a5. To determine the elafticity of the fluid generatéd 
from a given quantity of powder fired in a clofe veffel, ‘Orie 
of thefe twotheorems ws. 


38, ..9962%8 ; ads -99628-x Bn 3Y mx mas ae 


may be ufed: the firft when the denfity of the fluid is lefs 
than 20; the fecond when it exceeds 20: ir the firft cafe, it 
will: be fufficient to find, according to the method laid down 
in the preceding paragraph, the value of, the denfity of the 
fluid, then fubftituting this value in the place of in the firft 
theorem, the preffure of the fluid againit. a fiperficits § will 
be exprefied in-pounds. - In the fecand the nan, inflegd of 
m infert 942, which exprefies the denfity of the fluid’ When 
inclofed in the nitre (123) ;.and inftead of m, the value of 
the denfity of the fluid generated from the nitre found asin 
theipreceding paragraph, Then the preflure of the elafticity 
of the generated fluid on a fuperficies S will be exprefied in 
pounds. - RS Sas 


bod 
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CHAP. I. 


Tue Meruons or MEASURING THE GREATEST Force 
OF FIRED PowpzrR AT THR INsTANT OF ExPLosion 
IN A VESSEL THAT CAN NEITHER INCREASE IN Si1zE 
NOR ALTER IN Form. 


126. I F it be fo difficult to meafure the elafticity of 
the permanent fluid in its moft fimple ftate, how little rea- 
fon is there to expect, that its force at the inftant of explo- 
fion can be afcertained with precifion, when the fluid is 
greatly complex, and when from various caufes, its elafticity 
may be increafed or diminifhed. In faé, it is impoffible to 
define either the quantity of fluid generated at each inftant 
of the inflammation, the intenfity of the fire, or the manner. 
in which it fpreads and propagates itfelf among grains of 
different kinds of powder,. or even of the fame, when ufed 
under different circumftances ; the degree of rarefaction in| 
the common air contained within and between the grains, 
the elafticity of the fmoke, and the increafe of elafticity in 
the permanent fluid arifing from the preffure of the fubftane 
ces, relatively confidered as non-elaftic, when expanded by 
the ation of heat, are equally unknown. 

The folution of fo involved a problem would feem to fur 
pafs human fkill, fince from the fhort duration of the phos» 
nomenon, the numerous circumftances that affect it cannot 
be analyfed; as no method can be devifed of afligning the 
exa@ quantity and force of each, either by feparating at the 
inftant of inflammation the fmoke from the other parts, 
preventing the expanfion of the non-elaftic fubftances, or 
obferving the law in which the fluid is generated. The ut- 
moft we can do is to afcertain the greateft force refulting at 
the inftant of inflammation from the reunion of all thefe 
¢aufes, by the help of fuch principles as we may be able to 
eftablith. To avoid entering into too long a difcuffion, let 
us fuppofe the powder to be fired in a veffel fo completely 
filled, that no void fpace be left, except the interftices be- 
tween the grains. There are three different cafes in which 


powder may be fired : 
i In 
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1. Ina veffel that cannot increafe in fize or alter 
in form, with the vent clofed at the beginning of the 
explofion. 

2. Ina fimilar veffel, with an aperture left for the 
dicape of the fluid. 

* 3. In a veffel which by the force of the explofion 
expands or increafes in fize, and affords an iffue to the 
fluid. 

It is evident, that on firing equal quantities of pow- 
der of the fame quality, in veflels perfectly equal in 
every refpect, the degree of force will be greater (113.) 
in the firft cafe than in the fecond or third, and in 
the fecond than in the third. ; 

127. The firft cafe can never occur in the ufes to which 

ywder is applied in military operations. The fecond hap- 
ns fometimes in the chambers of mines, where the fur- 
unding fubftances do not yield to the explofion; and in 
ells and grenades, whofe refiftance is fufficient to put 
em in equilibrio with the action of the powder, The 
ird cafe arifes in the chambers of mines, made in fub- 
inces fufceptible of impreffion, and in fire-arms loaded in 
e cuftomary manner. 

The principal methods of meafuring the greateft force of 
‘ed powder in the fecond cafe will be treated of in this 
iapter, and in the fubfequent ones, the method of mea. 
ring it in the third cafe: confining our obfervations 
ywever to its effects on fire-arms ; fince in the third book 
: Military-archite€ture, and in the Treatife of Artillery, 
ie 5 ri of powder to mines is amply difcuffed. 

128. To meafuré the preateft elafticity of the fluid pro- 

aced from fired powder, it may be compared with the three 
lowing refiftances, the weight, cohefion, and elafticity 
? bodies. It has been found from experiment, that the 
seateft elafticity of powder fired in an invariable veffel, from 
hich the elaftic fluid can efcape by the vent (126. No 2.) 
equal to about 1800 times the mean preffure of the at- 
\ofphere : the machines therefore for meafuring the greateft 
ce of different powders (40.) muft be capable of a very 
reat refiftance, and the weight to exprefs the force, very 
onfiderable, which renders it extremely difficult to conftruct 
wh complicated machinery, with the requifite exactnefs 
nd aeguracy. 

329. If 
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129. If to reduce the weights, or fmpiiy the machinery, 
the quantity of powder be lefs than the veffel could contain, 
the Hud produced at the commencement of the inflam- 
mation, being diffufed through the whole veffel, will not 
be expoled’ to the fame deeree of heat, as if the veflel were 
full, and the powder burning in each point. Thus with 
equal quantities of powder, the clafticity will be in propor- 
tion to the fize of the containing veffels ; and in veffels of 
equal contents, in proportion to the quantity of powder. 
Therefore, to afcertain the greateft elafticity from the effets 
of a {mall quantity of powder fired in a large veffcl, it will 
be neceffary to repeat the experiment with different quan- 
tities of powder, tillthe maximum be difcovered, 

130. The form of the veffel fhould be fuch, as to admit 
of the powder being fo collected, that the whole may take 
fire in the fhorteft time poifible, and act inftantly upon the 
furface of the refifting body, whofe motion is to de- 
termine the preffure of the fluid: For if it be not in conta@ 
with the mobile, inftead of an ation of preffure, it will be 
an ‘ation of impulfion, and the force communicated will 
be much greater, than is the prefent object of this refearch: 
to render the experiment conclufive, this circumftance muft 
be carefully attended to. 

131. In the common mode of proving powder with the 
{mall mortar, the weight of a globe is oppofed to the explo- 
fion: but this method cannot afcertain the greateft elafti- 
city, for the globe being proportionally too light, is put in 
motion before the full force of the powder is produced. 

The eprouvette, is a vertical machine invented long ago, 
for comparing the force of different kinds of powder b 
means of weight. But to afcertain (Fig. 7.) the ok 
elafticity, the weight QM NQS ought to be much heavier 
than it generally is; it thould only yield to the impelling 
power when the elafticity is at its higheft degree, and be 
faifed juft enough to thew that it has given way to the a@tion 
of the fluid. ‘The weight may be increafed or diminifhed 
at pleafure, by making it hollow in QS Q and putting in 
any heavy fubftances that can be ‘uniformly arranged, as 
fmall fhot, &c. which will preferve the centre of gravity 
in the vertical axis S T of the cylinder: at the fides of the 
eprouvette two channelled uprights fhould be placed fo that 
when the body QM N Q is raifed, the teeth L L may flide 
perpendicularly in the grooves. 

132. The 


FIRED GUN-POWDER. 61 


- 132. The theorem 9962 » S=P where m exprefles the 
elafticity of the fluid, and S_ the furface acted on, fhews that 
if in this eprouvette the diameter EF of the cylinder be 
ax Of a foot, S will be =77,: then fubftituting 1800 in the 
place of 2, 9962 » S=99)e x 1800 +7¢= 23048lbs : the 
weight QM N Q fhould not be lefs, that it may juft yield 
to the action of the fluid in its highelt ftate of elafticity ; 
but as fuch a weight is very ponderous and unmanageable, 
it may be meafured by a lighter mafs, by leffening the value 
of § without diminifhing the fize of the cylinder, as follows = 

133. In the eprouvette ABC D, make a hollow cylinder 
CI Bb of fuch a depth, (Fig. 8.) thaton applying the {crew 
GCPDH of a fufficient length to refift the greateft efforts 
of the powder, the height GI of the fpace IK GH be 
nearly equal to the diameter GH. Inthe centre of the 
{crew drill a cylindrical canal OP, and introduce a pin 
of polithed iron of the fame form, fitting fo exaétly that 
the fluid cannot pafs between it and the fides of the canal, 
with a ledge at P to prevent its falling into the chamber 
where the powder is lodged; the axis V P of the cylinder 
being vertical, place upon the head of the iron pin a weight 
of which the centre of gravity is in the axis V P with teeth 
to flide up and down in the grooves of two uprights parallel 
to VP as in (Fig. 7.) Having filled the fpace GI KH 
with powder, and applied fire by the vent X, the .dlaftic 
fluid ating on every point of the fuperficies, will raife up 
the pin O P, and confequently the fuperincumbent weight 5 
which may be increafed or diminifhed (131) til] the force 
of the powder be only juft fufficient to raife it. The height 
to which it is raifed, will fhew the preffure of the fluid, 
for the weight being exprefied in tpounds, the value of § 
is equal to the bafe O in the pin OP, ‘Thus the value 
of x expreffing the elafticity of the fluid may be eafily 


134. There are different methods of afcertaining the great- 
eft ice of powder, by the cohefion of the conftituent parts 
of bodies. For example, fill with powder a cylinder of 
homogeneous metal, the fides of which are of equal thick- 
nefs, fecure the ends fo firmly with ftrong fcrews that 
they will refift the utmoft force of the fluid, and fet fire to 
the powder by a {mall vent made in the middle of the length 
of the cylinder, that the inflammation may he as fudden and 
general as poffible, The veffel will then burft sk rh 
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nally, and the equilibrium between the refiftance of its 
fides, and the greateft elafticity of the fluid will be known. 

The theorem for finding this equilibrium is 9963 "7 = mg 
where r reprefents the radius of the cylinder, m the thick- 
nels of the fides, g the number ai:pounds requifite to make 
a breach of a foot in length, whatever be the cohefion of 
the metal that the cylinder is made of. Now as r and » 
are known quantities, and the value of ¢ may be known 
by experiments on the pieces of metal broken off from the 
cylinder, by fubftituting them in the theorem, the value 
of » which expreffes the greateft elafticity of the fluid will 
be found, It may be obferved, that thefe experiments fuc- 
ceed better, when the cylinders are at firft thicker than 
neceflary, and are thinned a little after each difcharge, till 
they are fo reduced as to yield to the explofion of the 
powder, 

135- With the following machine, the elafticity of pow- 
der may be meafured upon the principles of cohefion. AB 
CD is a cylinder of bronze or iron, (Fig. g and jo.) 
within which is a cylindrical cavity E F G H to contain the 
powder, it can be clofed by means of the fcrew1 E F K equal 
in lengthto about 3 of the diameter E F, and perforated with 
the vent L M. Put into a cylindrical canal made at GH an 
iron pin O P well tempered and polithed to prefs perpendi- 
cularly on apiece of tempered iron QQ, §8& is a bar of 
iron thinner in the middle X Y than at the extremities, 
which are pierced with two holes, 8, 8, to admit the iron 
legs RT, firmly united to the cylinder ABCD. Below 
the iron bar is laid a plate of lead W W, covering another 
bar of iron V V, and the whole is firmly fcrewed together 
by the nuts ZZ. On fetting fire to the powder inclofed 
in the fpace E F G H, the inflamed fluid preffes on the head 
O of the pin OP, and confequently on the piece of. iron 
QQ, which refting on the thin part of the bar S S, endea- 
vours to break it; which it effects when the ation of the 
powder is greater than the refiftance of the bar. The plate 
'W W and the bar V V ftop the iron pin O P when the 
bar is broken ; thus E F G H is altered as little as poflible. 

Repeat the experiment with an equal quantity of the 
fame powder, but make the bar S S at each time of a diffe- 
rent thicknefs in X Y, till it yields with great difficulty to the 
aGtion of the fluid; then apply a bar equal in thicknefs to the 
daft, and raifing the machine by the trunnions 10,10, faften 

it 
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it at a proper height ; fufpend from oo by the hooks 12, 12, 
andthe chain 11, a bafon loaded with different weights till 
the bar breaks. The weight neceffary to overcome the co- 
hefion of the bar SS being thus known, in the theorem 
962nS =P put its value expreffed in pounds, and fubftitute 
im the place of S the value of the pin O P, then the value of 
# will be found. 

136. This machine may be combined in another manner. 
Inftead of the canal OP, and the other parts placed below 
CD; 2, 3, is a cylindrical cavity, which is exactly filled with 
an iron pin 2, 2 in contac with an iron plate, 5, 5, let 
into the thicknefs of metal of the cylinder, the exterior fide 
of which, 4, 4, is even with the fuperficies of the cylin- 
der. 6, 7, is an iron ring which goes round the cylinder 
ABCD, fitting it exactly oppofite to 2, 3, and fo pro- 
portioned that the interior furface touch the plate of iron 
4,4. After each difcharge, the ring is filed in the part 
7» 7, till it gives way to the action of the powder; taking 
care to place the machine contiguous to a folid body, that 
it may confine the plate 4, 5, and 2, 3, after breaking the 
ring, for reafons already pointed out. The proper thick- 
nefs for the rmg having been determined, find the weight that 
can break another ring of the fame metal and equal to it in 
thicknefs ; for this purpofe, apply the ring to a fhort cylinder 
of hard wood of proper dimenfions; let the plate 4, 4, be 
longer than the wooden cylinder that the iron hook O, r1,O 
May be hung on the ends. Make ufe of the fame: plate, 
4s 4, and the fame ring, that the part which preffes the 

“ring may not be altered in form from the action of 
the weight that is to break it. When the weight = P is 
thus found, to know the elafticity = »; a particular the- 
orem muft be conftrudied, in which muft be inferted the 
values of the pin 2, 3, of the radius of the interior circum- 
ference of the ring, and of the thicknefs of metal at the part 
where the ring broke. 

137. Itrefults from thefe experiments (133,134,135) that 
fa veffel be filled with fmall-grained powder without being 
compreffed, the greateft elafticity=n will be equal in dry 
weather to 19c0 hundred times the mean preffure of the at- 
mofphere, and only 1400 when the air is much loaded with 
vapour ; powder is therefore a kind of aerometer. 

tacthis machine the diameter and height of the hollow cy- 
Iinder were each - an inch, and the contents about ida 


rom 
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From the principles eftablifhed in the former part of this 
work, it may be inferred that by increafing to a certain point 
the fize of the veffel, and filling it with powder without in- 
creafing the fize of the vent, the oe of the powder will 
be much greater than that found by the laft experiments, as 
the fire will be more intenfe, and lefs of the elaftic fluid in 
proportion to its mafs will efcape. To afcertain to what 

ai, hg the elafticity will increafe when powder is fired in a 

ve oo the vent clofed, 2 fimilar method may be ufed 

urn). 

‘ Fic. ix. Perforate the fcrew IEFK with a canal LM, to 
receive the {crew G&, which may be turned with velo- 
city by the winch NN. The fcrew G&, muft be longer 
than the canal LM, that as foon as its head exa@ly 
correfponds with the fuperficies IK, the point & whic’ 
has been heated red hot, paffing through the orifice M, 
may fire the powder contained in EFGH. 

138. From thefe methods of proving the force of powder 
by weight and cohefion, added to the obfervations on the fub- 
jeQt in the Philof. Inftit. there will be no difficulty in apply- 
ing elafticity to the meafurement of this force (127). A 
{pring ftrongly bent oppofed to the movement of the ison 
pin will fuffice for this purpofe ; but the greateft force of the 
powder ought only to increafe the tenfion of the {pring enough 
to make an impreffion on foft wax, or fome fimilar fub- 

ce, 

139. We will conclude this chapter with remarking the 
difference obfervable in the activity of fire on burning 
equal quantities of powder in veffels of different fizes. Fit 2 
fcrew EMNF to the part CDHG of the eprouvette, (Fig. 
8.) and perforate it with a {mall canal TY; at the bottom 
of the fcrew make a cavity in form of a troncated cone 
MRSN, and fill it with tin perforated through the middle, 
fo as not to ftop up the cavity TY: having clofed the vent 
XI, and filled IKGH with powder, apply the fcrew EFMN, 
and fet fire to the powder by TY, through which all the 
elaftic fluid muft of neceffity pafs. Onunfcrewing EFMN, 
apart of the tin will be found melted. To collectthe quantity 
melted in this experiment, a rough plank fhould be placed about 
a foot diftant from TY, and after the explofion, the melted 
fubftance will be found fticking to it. On burning the fame 
quantity of powder in a veffel much larger, the tin will not 
maelt, and if it be burned in the open air upon a fheet of pa- 
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per, the paper will fometimes be but little-damaged. This 
difference of effects proves how much the activity of the fire 
varies ; hence, alfo the elafticity of the fluid muft have al-~ 
tered very confiderably during the courfe of thefe experiments, 
This will explain the reafon why fire-arms foon become 
heated, and the vents enlarged after firing feveral rounds 
with wads ftrongly rammed; while the fame cffects do not 
take place when the wads are lightly rammed, though the 
fame quantity of powder be ufed with the fame intervals of 
time between the difcharges. 

By the experiments with the fcrew EF MN, the metal beft 
adapted for making bouches for guns might be afcertained. 
Make a troncated cone of each of the metals intended to be 
proved, and place it in MNRS; that which fuftains the 
ation of the powder, with the leaft alreration, is the beft. 


CHAP. If. 


Or. rue MoprricaTions m THE GENERATION OF 
THE ELAsTiIc FLuip In THE CYLINDRIC Bore or 
Fire-arRMs, WHEN AN OBSTACLE IS PRESENTED TO 
It’s PASSING THROUGH THE MovuTH or THE PrEcE, 


140. V V HEN the charge is not too fmall, nor the gun 
too leony, the fhot in paffing from the stamens cy lindes t the 
mouth of the piece is impelled by freth elaftic fluid, which is 
continually generating. This accelerated motion is the ef-~ 
fe& of the preffure of the fluid, whenever the fhot has been 


fironely rammed upon the powder; when it encounters other 
obftacies as in rifled barrels; or, when at the commence- 


mént of its motion, the refiftance is equal or fuperior to 
the impulfion of the fluid, which endeavours to expand itfelf 
towardst he mouth of the piece. But if there be no refiftance ; 
or only fuch as the impulfion can eafily overcome, as when 
the charge is not wadded, or but flightly ; or when the wad 
over the powder is made of fubftances eafily penetrable by the. 
eisftic fluid, as twifted hay or ftraw, the movement will then 
bethe effect of impulfion. In the firft cafe the velocity at 
exch point of the length of the bore is in’ the fubduplicate 
ratio of the fuperficies, that expreffes the fum of the preffurea 
in the {paces paffed through oi the thot; but in the fecond 
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it is compounded of this fubduplicate ratio added to the cone 
ftant quantity communicated to it by impulfion. (Philof. In- 
ftir.) ‘he former as being of moft general ule (1¢9) merits 
the firit attention. 

141. Jf the law of the generation of the fluid were cone 
ftant, and the intenfity of the fire uniform, the fcale of pref. 
fures might be eafily determined, and applied to fire-arms of 
all calibres; but thefe are fo modificd from a variety of 
circumftances, that the réfult of all experiments affords a 
folution adapted but to particular cafes. Before we defcend 
to particulars, Jet us examine under a general point of view 
the modifications that arife from the different degrees of 
refiftance oppofed to the fiuid; and adduce a few fimple 
experiments to demonftrate thar the produdtion of the fluid 
varies according to the refittance oppofed to its explofion. 

142. Thefe varieties arife not only from the mafs of the 
fhot and wad, but alfo from their friction againft the part of 
the bore contiguous to the charge. ‘To increafe the friction, 
a make ufc of wads that enter with difficulty into the gun, 
and are ftrongly rammed upon the powder. By thefe means 
the powder is collected into a very {mall fpace clofe to the 
vent, and burning with more rapidity, the force of the fluid 
is greater; provided that a fufficient interval be left between 
the grains for the propagation of the fire. 

143- Some dry reeds were cut into lengths and placed in 
three rows, each was numbered ; and No. 1 of the firft row 
was of the fame length and diameter as No. 1 of the other 
two rows; and fo of No. 2, 3, &c. They were charged 
with a quantity of mufquet powder equal to one diameter ; 
thus the three cf the fame number had an equal charge. A 
bit of rag was lightly preffed into thofe of the firft row ; over 
the fame kind of wad a leaden bullet was put in thofe of the 
fecond row; and into thofe of the third, a fimilar wad was 
ftrongly preffed without a bullet. The explofion burft all 
the recds in the third, and more than half of thofe in the 
fecond row; but thofe in the firft remained entire, though 
they were fired four or five times in the fame manner. Ef- 
fects almoit fiinilar took place in finall tin guns 4 of a foot in 
length, and equal in diameter to a ball weighing 7 of an 
ounce. 

Now the only difference between thefe difcharges was in 
the refiftance oppofed to the iffue of the fluid through _ 
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mouth of the piece; the weight of the bullet in the fecond 
row, and the increafe of friction in the third making the 
refiftance greater than in the firft: whence, the greater the re= 
itance the greater quantity of the fluid is produced; and it 
may be further inferred from thefe experiments, that the refift- 
ance from fri€tion may exceed the refiftance proceeding from 
the Vis Inertia of the bullet. The ufual method of blow- 
ing recks, proves how powerful a refiftance friction prefents : 
The miners after drilling a hole 6 or 8 inches deep, fill 
about half of it with powder, and the remainder with earth 
ftrongly compreffed; and fet fire to the powder by a little 
fauciffon that paffes through the earth. The friction and 
the adhefion of the earth to the fides of the hole are fo great, 
that the powder not being able to force a paffage burfts the 
rock, 

144. In the preceding experiments it was proved .from 
the refiftance of cannon, that the elafticity of the fluid is in 
proportion to the obftacles oppofed to the explofion ; this 
will be further demonftrated from the velocity of the thot. 
Fic. XI. Take three piftol barrels equal in Jength ; 

let the bores of two of them be exactly of the fame 
diameter, but that of the third equal in diameter to the 
other two only in the part AB, which contains the 
charge, and diminifhing in diameter from B to C, fo 
that the leaden bullet P cannot pafs into BC without 
changing its form. To load this laft piftol, which we 
will call No. 3. unfcrew AF, and holding the piftol 
vertically, put in the bullet and as much powder as will 
fill the chamber to A and all take fire; then fcrew on 
‘AF: put into the other two piftols equal quantities of 
powder of the fame quality, and bullets of the fame 
diameter and weight as in No. 3; in No. 1. prefsa 
wad lightly over the powder; but in No. 2. ramdown 
a very high wad, to touch the powder but not to com- 
profs-it fo as to diminith its bulk, which fhould be equal 
in the three barrels. On firing them againft the fame 
butt, the bullet from No. 2 will penetrate deeper than 
that from No. 1; and the bullet from No, 3. much 
deeper than that from No. 2.; the bullet of No. 3. 
will penetrate as deep as a bullet fired from a piftol twice 

- or thrice as long and charged as No. 1. 

, 145+ Having thus fhewn that alterations in the refiftance - 
produce very confiderable spac in the production of 
1 2 ths 
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the fluid, in proof of which many other experiments might 
be adduced, let us now examine them ; and for the fake of 
rendering the refearch lefs difficult, fuppofe; —- 

1. That the charge is always collected together in 
the fame manner at the bottom of the cylinder; the 
gun always fired in the fame direction ; and the refiftance” 
oppofed to the explofion expreffed by the weight of a 
cylindrical body, of a calibre exaétly fitted to the bore 
of the gun: then the refiftance will be in proportion to 

- the length of this body. 

2. That all the grains take fire, but are not totally 
confumed before the refifting body begins to move; 
which experience proves to be the cafe with moderate 
charges, when a fufficient refiftance is oppofed to the 
explofion. 

ia. XII. Let the part AE in the cylinder ABCD, 

 elofed in AC, be filled with powder; and R exprefs 
the refifting body contiguous to the powder in E. [f 
all the elaftic fiuid- be generated before the body R be- 
gins to be fenfibly in motion, and in paffing from E to 
B preferve the fame degree of heat; the preffure of the 
fluid in AE would be the ftrongeft poffible. Expreffing 
this preflure by the line EF, drawn at right angles to AB, 
the preffures of the fluid in the fpaces AH, AG, AI, 
will be expreffed by the perpendiculars HL, GM, IN, 
&c. which with EF will refpeCtively be in the reciprocal 
ratio of the diftances AE, AH, AG, Al, and a line 
paffing through the extremities F,L,M,N,O, will 
be an equilateral hyperbola between the afymptotes AB, 
AW, {uppofing the fluid to be fubjeét to no other mo- 
dification than expanfion. ; 
146. It has hitherto been fuppofed that all the elaftic fluid 
is generated before the projectile begins to move, and that 
the intenfity of heat caufed by the entire confumption of the 
powder fuffers no diminution. But the fecond part of this 
fuppofition is evidently impoffible, for in powder of a good 
quality all the fluid is not difengaged before the whole of the 
nitrous and combuftible particles are confumed, the heat muft 
therefore decreafe, as foon as the fire is extinct, in proportion 
to the expanfion of the fluid. Wherefore, the preffures in 
the points H, G,I, K, will be neceffarily lefs than the cor- 
refponding perpendiculars HL,GM,IN, KO, &c. The 
firit pofition is only admiffible when the refiftance of the ree 
is 
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R is equal to, or greater than the greateft preflure of the fluid 
in AE: but if R be not capable of refifting the action of the 
fluid, it will begin to move towards B as foon as there is a 
fufficient quantity of elaftic fluid produced to overcome its 
refiftance. Thus, not only the preffure on each phyfical 
paint of the fpace ACE will be expreffed by a right line 
fhorter than EF; but if the weight of R be fo diminifhed, 
that it makes the leaft refiftance poffible, the line that will 
exprefs the preffure of the fluid when R begins to move, will 
be the fhorteft of all the lines that can be drawn between E 
and F. 

147. The column Of air contained in the bore of the gun, 
and communicating with the external air, is the Icaft refift- 
ance which can be oppofed to the expanfion of the fluid. 

Now expreffing by E V the preffure of the fluid that begins 
to move the refifting body, and by H T its preffure in the 
{pace AH, the line H T will be longer than a fourth propor- 
tional to AH, AE, EV, fince the fluid in paffing from 
E to H is continually acquiring greater clafticity from the 
fucceffive generation of frefh matter. It will be the fame 
with the lines that exprefs the preffure in the {paces A G, 
Al, &c. till the powder be entirely confumed: thus the line 
VT S2 paffing through the extremities of thefe perpendicu- 
lars, will be a fcale to determine the limit of the weakeft 
preffure that the fluid can exert in the fpace ABCD. 

148. But when the powder is entirely confumed, the pre- 
portion between the lines that exprefs the preffure of the fluid 
will be changed. Suppofe that all the grains are confumed 
when the fluid reaches I, and that the preffure in the {pace 
Al be expreffed by I 2, this line will be neceffarily thorter 
than IN; for according to fuppofition, IN reprefents not 
only the effeét of all the fluid, but alfo of the greateft degree 
of heat that can be produced by the entire confumption of all 
the combuftible fubftances : but in I2, if the mafs of the 
fluid be the fame, the degree of heat is lefs, whence its elafti- 
city and of courfe its preffure will be lefs: the feale VT S2 
can never touch the hyperbola F LMNO, which may 
therefore be confidered as the limit of the greateft preffure of 
the fluid. When the fluid reaches K, the preffure K Q_ will 
be lefs than a fourth proportional to AK, AI, I2; for 
asno frefh fluid will be generated between I and K, and the 
heat is decreafing, the elafticity will be lefs. At 3 and the 
ether points in fucceflion, the fame reafoning will hold good. 

E 3 The 
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The fcale of preflures VT S 2 QP beginning to forma curv 
at 2, the part 2 QP will always approach the right line A 
B, till the fluid be equal in elafticity to the atmoiphere; to 
eftablifh this equilibrium the gun would require to be of a 
very great length, if no part of the fluid could efcape through 
the vent. ; 

149. The fcale will neceffarily diverge from V towards 2; 
afterwards it will continue to diverge from, become parallel 
to, or converge towards A B, according to the quality of the 

. powder, and other circumftances that tend to modify its 
effects. 

150. A greater number of grains are confumed in A F, as 
the refiftance of R is the greater (145); thus the heat being 
increafed-in this part, the powder will be confumed more 
rapidly, and the, nearer to AE, will be the point where all 
the combuftible fubftances are confumed. The true fcale of 
preffures will then be between the affigned limits (147, 148, 
149), without touching them, till the powder be totally con- 
fumed. No general rule can be laid down for the proportion 
in which the increafe of heat accelerates the burning of the 
powder in paffing along the bore of the gun, from the many 
circumftances that concur to modify its effects, and the im- 
poflibility of afcertaining fome of them. Vide rft part. 

151. The preffure of the fluid in A E being proportionate 
to the refiftance of R; if the weight of R remain the fame, 
the preffure by which it will be fet in motion without regard to 
the more or lefs rapid production of the fluid will not vary, 
whatever be the quantity and quality of the powder. 

152. But the preffures in the fpaces AH, AG, AI, 
will be modified, not only by the quantity of elaftic fluid 
generated in AE, but alfo by the quantity and quality of 
the powder and the fize of the grains. Suppofe that the 
charge A E has given a {cale of preffure X Y Z (Fig. 13.): 
reduce AE to KE and fill K E with powder of the fame 
quality, and equally colle&ted as AE; there will be the fame 
preflure E X, if R prefent the fame refiftance (151). But 
in the fpaces K H, K G, the preffures HL, GM will be lefs 
than HY, GZ. This equality of preffure E X in the two 
charges arifes from the fame quantity of fluid being generated 
in the two fpaces AE, KE before R began to move: if 
no frefh fluid were produced between E and H, fupponeg 
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AY 


EH=AE, and KE=—, the preffure of the charge AE 
“ ‘ 
in the fpace AH, would be to the preffure of K E in the 


fpace H K as =: ra 3:23 fince the elafticity is in 
proportion to the denfity. But between E and H a frefh 
acceffion of fluid is produced in both charges, and the greateft 
ati in the largeft charge; fo that the preffure of the © 
mallet charge in KH will be proportionally lefs than the 

preffure of the larger in AH; the fame mav be obferved of 
GZ, GM. If, on the contrary, A E be increafed to E P, 
and filled with powder of the fame quality, and equally 
collected as before, the refiftance of R remaining the fame, 
the preffure of the fluid EP will always be equal to E X; 
but the preffure in PH, PG will be exprefled by HN, GO 
longer than the correfronding lines HY, G Z, 

153- On firing two powders of different qualities, A E 
and R remaining the fame, the fcale of preffures produced by 
the firft kind of powder being X Y Z, that produced by the 
fecond will likewife begin at X (151); but the remainder of 
the feale will pafs above or heiow X Y Z, according to the 
rapidity with which the powder is confumed in equal times, 
or to the greater or Icfs production of the fluid. 

154. From thefe remarks may be deduced the difference 
between two {cales that exprefs the preffures of the fluid in two 
guns of different calibres, charged with proportional quantities 
of the fame kind of powder. 

Fic. 14. Let ABCO, DHPY, be the cylindric 
bores of two guns, the calibre D M of the one 7 the cali- 
bre DB of the other: exprefs D M by D and DB by d; 
then the refiftance of the fhot contiguous to the pow- 
der in N will be as D2: d?; and the charges HN, 
CN will be in the fame proportion: the perpendiculars 
that exprefs the preflures’ N V, N X, will be as D: ds 
that is, as the diameters of the fhot. For the number of 
phyfical points in the fuperficies of the fhot againtt 
which the elaftic fluid aéts, is in the duplicate ratio of 
the diameters, that is as, D2: d*, thus, in the ftate of 
equilibrium NV x D? = D? and N Xxa? = d'; 
thn NV: D::N X: d, and by tranfpofition NV: N 
X::D:d. But the ratio between the correfponding 
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ordinates LI, LY will be greater than hetween N V, 
N X; for fuppofing the fluid in the fpaces HPN, 
ACN to have the fame degree of elafticity, and the 
frefh fluid produced by the fucceffive inflammation of 
the grains between N and L to be proportional to the 
charges, a greater preffure would be exerted in HPL 
than in AC L, as the fluid is more denfe in the former 
than in the latter: but the preffure in H P N is already 
greater than in ACN, fince they are in the proportion 
of NV toNX. Thus the ectiaies being greater, and 
confequently the fire being more intenfe, a greater quan- 
tity of elaftic fluid will be generated in the larger cylinder 
between N and L; and at L its preffure will be-much 
greater than that in the {maller cylinder at the fame 
point; confequently the ratio of LI to LY, will be 
greater than of N Vato NX. This reafoning is equally 
applicable to the point D in both cylinders: hence it 
may be infefred that the point where the powder is to- 
tally confumed, is under the preceding circumftances 
much nearer to the place occupied by the charge, in 

_ guns of large than of {maller calibre. 

155. When the preffure E X is equal to the refiflance R 
this latter may be expreffed by (Fig. 15) EX; and will be 
proportional to the height of the refifting cylinder (145, No. 
1) in guns of the fame calibre, or to the diameters of the 
fhot in guns of different calibres. With low wads not rammed 
with force, the line X F Z expreffing the fcale of preffures 
will from the beginning fenfibly diverge; but with wads 
ftrongly rammed, the friction increafing the refiftance, the 
fcale of preffures will be the line K H Y; in which the firft 
preflure E K is greater than E X, in proportion as the friction 
of the wads exceeds their weight ; and all the fcale K H Y 
will be farther diftant from the axis EG than the fceale X F Z: 
but though at the commencement of its motion KH Y di- 
verges more from EG than XF Z, yet it foon converges 
towards it ; thus its greateft ordinate is much nearer the point 
E, than the greateft ordinate of the {cale X F Z. 

It would be too tedious to enter into a detail of the feveral 
experiments that might be made in confimation of what has 
been advanced fince the 150° paragraph; the reader by a little 
refleGtion will readily difcern the principles on which our rea- 
foning has been founded; and from the fequel, a fimple 

pfactical 
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pradical method may be devifed of proving their force and 
uftnefs. 

: 156. Since the cylindrical bore of fire-arms thould be in 
equilibrio with the action of the fluid generated from fired 
powder, the thicknefs of metal muft at sida point of their 
length be proportioned to the ordinates of the {cale of preffure: 
this may be reduced to the four following cafes ; 

1, When the fcale is parallel to the cylinder, the 
thicknefs of metal fhould be the fame pAroughout the 
whole length of the gun. 

2. The feale may diverge from the axis AEG in 
advancing from E to G; or after diverging it may run 
parallel to the axis; in both thefe cafes there fhould be 
the fame thicknefs of metal from the breech to the muz- 
zle, fince the fides mutt be in equilibrio with the greateft 
erdinate. 

3. It may from the point E diverge from the axis to 
a certain point, and then converge towards it; in this 
cafe, the metal fhould be of equal thicknefs to the point 
of the greateft erdinate, with which it mutt be in equi- 
librio; thence it may diminifh in the,ratio of . the cor- 
refponding ordinates. 

_ 4 It may from the point E continually converge 

towards the cylinder; then the thicknefs of metal fhould 

diminifh proportionally from the breech to the muzzle. 

157. The entire {cale of preffures can- be-deduced from the 
thicknefs of metal only in the feyrth cafe; in the third-cafe, 
that part of the fcale only is known that converges towards 
the cylinder; in the two Grit, the’ Eftatelt pretlure: of the 
fluid is only pointed out. 

158. In mufquet scharged with fewer, fowling, or can 
non powder, and the wads well rammed, -the feale of pref- 
fures is found to correfpond with adtual experiment in the 
fourth cafe; and likewife in the third, if the wad be rammed 
with lefs force; fince the greater this force, the farther from 
E where the charge is lodged, is the greateft ordinate of the 
{cale. 

In the following chapter will be pointed out the method of 
determining experimentally the fcale of Ecce i in Gre-arms 
ef all calibres, 


CHAP, 
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CHAP. IV. 


Or tHe Iniriay Vexocrry or Proyectiies, awe - 
THE Law UNDER WHICH THEY ARE IMPELLED 
FROM Firg-ARMS$ OF CYLINDRIC Borgs. 


1 159. Tuere are three methods of determining the 
initial velocity of projectiles: by deducing it froma know- 
Icdge of the line they defcribe in their flight; by meafuring 
it inftrumentally near the muzzle of the gun; or by a third 
mode, which may be adopted whenever the thicknefs of 
metal is proportional throughout the length of the cylinder 
to the preffure of the fluid. The firft method has been 
already treated on (Philof. Inftit, ) and there will be occafion 
to mention it again in the following chapter; the fecond and 
“third will be for the prefent the objects of confideration. 

160. BenyaMiIn Rosins, an Englifh Engineer, was the 
firft perfon who thought of applying inftruments to meafure 
the initial velocity of a ball of {mall calibre, near the mouth 
of the gun. His method confifts in firing againft a pendu- 
Jum, moveable upon its axis of fufpenfion, which defcribes 
an arch proportionate to the fhock of the ball. The exa@ 
meafure of the chord of thgarch, the weight of the ball and 
pendulum, the centre of gravity and ofcillation, and the 
diftance from the axés of motion to the point of impaét, thew 
the abfolute velocity with which the ball impinged on the 
pendulum. . 

“Fic. 16. To apply this inftrument C F for meafur- 
ing the initial velocities of balls from mufquets or wall- 
pieces; it fhould be made of iron, and hung at right 
angles to the axis of fufpenfion A B, which muft be 

. about a foot in length; to DE is {crewed a plank of 
about nine inches fquare, and of fuch a thicknefs that 
the ball cannot penetrate to the iron. For the ex- 
periment, the pendulum is fufpended (Fig. 17.) from 
a triangular frame; underneath it, is placed a piece of 
wood cut in the arch of a circle, of which the circum- 
ference is defcribed from the centre C with a radius 
greater than CE ; and in the plane of the vibrations of 


the 
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the pendulum, a ftylette F is faftened in E, to trace upon 
the fine duft, with which the circumferene G K H is 
covered, the arch defcribed by the firft vibration of the 
pendulum. Inftead of the arch of the circle, Ropins 
. wfed a ribband attached to E, which the motion of the 
- pendulum drew between two iron plates fixed to a wooden 
bar that was between the legs of the frame, and mea- 
fured the arch defcribed by the pendulum, by the 
length of the ribband drawn between the plates. 
161. The inftrument being placed as above direéted, if 
we know; 
1. The weight P of all the parts of the pendulum. 
2. The diftance from the point C in the axis of 
ro} iia or motion to the centre of gravity L, or 
CL=a. 


3. The diftance from C to the centre of ofcillation 
M, or CM=d. ; 

4 The length CF=4 of the radius with which 
the arch G K H is defcribed. 

5. The weight of the ball =g. 

6. The chord of the arch =c deferibed by the 
firft vibration of the pendulum, and meafured upon 
G KH; then the motion communicated to the pendu- 
lum, and confequently the velocity with which the ball 
impinged on it will be found. 

Find the diftances C L, CM: it is proved, (Philof. Inftit.) 
that the vis inertiz of a body moving freely round its axis, 
is equal to the product of its weight multiplied by the 
diftance from the centre of gravity to the axis of motion, 
and by the diftance from the centre of ofcillation to the fame 
axis; and the quantity of its motion is equal to the produ& 
of the vis intertiz multiplied by the velocity of the pendulum, 
which is equal to the fquare root of the verfed fine of the 
arch defcribed by the centre of ofcillation. 

Fire a ball againft the centre of ofcillation M. To find 
the velocity communicated to this point, make the propor- 


tion b:e¢::d: s, the Jaft term is the chord of the arch de- 
feribed by this point : The verfed fne’of which is “—$, and 


the uniform velocity of M during one fecond will be 
44. 36.c7d 
Van 


“THE FORCE OF 


76 

, fas P0¢ =—£V 32.184 (Philof. Inftt.) which mob 
2 

tiplied by the weight of the pendulum and ball, fince this 


does not rebound, i. ¢. by Pad+qd*, will give “ x Padt qi 


x 32. 18d for the quantity of motion. Let be the 
uniform velocity with with the ball impinged on the pendu- 
lum ; as from the moment it entered the pendulum, it fol- 
lowed the dire€tion of its motion, ugd* will exprefs the 
quantity of the motion of the ball: thus in a flate of 


equilibrium ugd? =5 x Padtqd* 32. 18d, anda = 


P dV 32.184 
= sad a will be the velocity fought. 


162. In the fecond place, fet the ball {trike a point D, not. 
in the center of ofcillation: (Fig. 18) then if f exprefs the 
perpendicular diftance from the point D to the axis of mo- 
tion, and x the uniform velocity of this point, the quantity 
of motion of the point D will be x x Pad+¢/*, and if the 
ball impinged on the pendulum with the velocity », its quan- 
tity of motion will be ugf*. Then the equation will be 

Pad +9 f* 
motion of a pendulum is as great, as if its whole mafs were 
united to the centre of ofcillation, and as this centre changes 
whenever the ball impinges on any other point ; by exprefl- 
ing its diftance from the axis of motion by the vis inertiz 
Pad + qf* divided by Pa + qf, the diftance of CG from 
the point G taken as a new centre of ofcillation to the axis 


, : _ Pad + qf* de 
of motion will be CG = aera But the radii CD, 


CG, are proportional to the velocities of the points D, G, 
fince they defcribe the archs D O, G H in the fame time 5 


tha CD: CG: f: petal 


int D = « = —“4S~__ is to the velocity of the point 
po x Pad + Ff is to ocity 0} poi 


. ptt = 64. 36GI where GI expreffes the 


verfed fine of the arch G H. To 


x x Pad+ ¢f*= ugf*,andx= Now as the 


as the velocity of the 
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To find the velocity » with which the ball impinged on 


ae pendulum, another value of Vv 64. 36 GI muft be 

vught : As the chord = c of the arch FGH defcribed by 

ne ftylette, and radius CF = 4 are known, the verfed fine 
2. 

f this arch will be =! Then radius C F is to its verfed 


ne as radius C G is to its verfed fine GI or 

pe oo. Pad + af? eg Pad + gf? | 
"2b" Pa +¢f 26* " Pa +af ”’ 
od thus the uniform velocity of the point G will be ex~ 


refled by / 04-360 , Tad + 7S" 5 and on com- 
wv 26° Pa +¢f 
aring the two expreffions of thefe velocities 


= =—yY Pad+qf* and u=c 
a + of 2 aks ear y a 


/ 32:18 a ae the velocity fought. _ 
q : 


163. The weight and length of the pendulung fhould be 
ich ne its vibration may not defcribe an arch of more than 
ve.degrees; and as.the balls fired into it increafe its weight 
nd alter the centres of gravity and ofcillation, the, values of P, 
» @. fhould be correéted after each difcharge. 

164. S1c. Marres, mathematical inftrument-maker to 
ve King, has invented a machine for finding with facility 
te initial velocity of balls meafured near the mouth of the 
ane 

Fic. XIX. AB isa horizontal wheel with a vertical 
axis C D tumed by the weight Q, appending to the 
tope G G andraifed by the winch N. It may be turned 
in‘any other manner, provided that its motion be perfely 
uniform and rapid. AE, BF is a circular band of 
writing paper about 6 inches high, fixed round the cir- 
cumference of the wheel. The gun for the experiment 
is immoveably fixed at 20 feet diftance, and pointed fo 
that the axis of the gun produced would pafs through 

.. the points H, K, the exact diameter of the wheel. R 

is a 
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is a block of wood placed two or three feet from the 
wheel to receive the balls; it is of elm, that the pene- 
trations may be uniform. 

In ufing this machine it is requifite to afcertain when the 
motion of the wheels is equable, and how time long it takes 
in each revolution ; for this purpofe variots expedients may be 
devifed. At Turin we fitted a little excentric wheel I L to 
the axis CD, which at each revolution gave a vibratory 
horizontal motion to a tongue of wood at the extremity of 
which appended a common pendulum that was fhortened or 
lengthened till its vibrations were ifochronous to thofe of the 
tongue: the length of the pendulum will thew how long the 
wheel is in making each revolution. So foon as the ifochro- 
nifm bet-veen the pendulum and the tongue is eftablifhed, 
fire the gun and ftop the wheel; the two holes made in the 
rim of paper by the ball, will be eafily diftinguithed from 
each other by the edges being turned to the point that the 
ball went out at. Stretch a thread in the direction MR, 
pafling through the centre of the hole H where the ball en- 
tered the paper. The diftance of the other hole K from the 
point B will be then known: this diftance fhews how much 
one point of the wheel turned, while the thot was traverfing 
the diameter A B. 

_ 165. If the mechanifm and ufe of this machine be well 
underftoody’ it will be eafy to find the uniform velocity with 
which the fhot paffes through the diameter A B of the wheel, 
and confequently its uniform velocity during one fecond of 
time. Let D be the diameter of the wheel, c its circumfe- 
rence, ¢ the time that the wheel takes to make one revolu- 
tion, m the diftance that a point of the circumference of the 
wheel turns, while the fhot is traverfing the diameter; then 


CD 
m:D::C: ——s the laft term will exprefs the {pace paffed 


through by the fhot with an uniform velocity during one re- 
volution of the wheel : then expreffing by x the {pace that the 
fhot paffed through with an uniform velocity in one fecond, 


or its initial velocity, t: 1 :: <2.,2° the lat tem=% 


will exprefs the velocity fought. With this machine, when 
the wheel turns with an equable motion, ¢= + of a fecond, 


— 
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D=1o feet, and confequently C -2? . 7°; then fubltitu. 


ting thefe values in the expreffion of the velocity, 


oP Ay; if the value of m be the fraCtion of a foot, the 


velocity u wiil be expreffed in feet. For inftance, if m be 
found experimentally =} of a foot, then 1571 feet will be 
the value of wu. 

166. This machine was ufed in making the following ex- 
periments which lead to the folution of feveral very impor 
tant problems in the theory and practice of artiliery. 

1. The firft gun was 5 ft. 6 in. in length of bore, 
and the weight of leaden bullets was 27 oz. 

2. The fecond was 5 ft. ro in, in length of bore, 
and the weight of bullet 33 oz. 
_ 3. Arificd barre! 3 ft. 5 in. in length of bore, and the 
weight of bullet 7 oz. . 

4. Several mufquet barrels of different lengths; the 

_ __ leaden bullets weighing 1 oz. 

The powders were thofe defcribed in the fortieth paragraph. 
the wads were of parchment torn in feveral places, that they 
might not damage the rim of paper faftened round the cir- 
cumference of the wheel ; and lightly compreffed by the fame 
man. During thefe experiments particular attention was paid 
to moifture of the atmofphere, as its variations fenfibly affect 
the force of powder (137). 

167. The following is a table of initial velocities deduced 
from experiments with a mufquet 3 ft. 6 in. in length of bore, 
under three different ftates of the atmoiphere, 


VeLocity OBSERVED. 


The charge of Very moiit Underamean Very dry 


Powder was Weather. = ftate of the at- Weather. 
7 drams. mofphere, 
Feet. Feet, Feet. 
Common War Powder 1392 —= 1542 = 1618 
Fine Ditto = 1569 — 1736 — 1829 
Fowling Ditto — 1566 — 1703 — 1784 
Fire-work Ditto — 1 566 —= 1706 — 1779 


Befide 
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Befide the obfervations on the hygrometer it was remarked, 
that when atmofphere was very much loaded with vapour, the 
bore of the gun was fo moift five minutes after the explofi ion, 
that the fixed nitre fell in deliquium; and the tow ufed in 
cleaning it, was covered with a number of faline particles; but 
on a dry day no moifture could be perceived after an interval 
of feveral minutes, and the tow came out almast unfoiled. It 
refults a thefe experiments. 

. That the velocities of fhot in very dry weather. 
sd by'nearly + the velocities, when the atmofphere is 
loaded with vapour. 

2. That fine war powder siecle in mufquets the 
greateft effect that can be obtained from a combination 
of faltpetre, fulphur and charcoal. It is effential to’ 
add, that with the fame kind of powder, the velocities ' 
were nearly equal in moift, heavy weather; under 2 
mean ftate of the atmofphere they varied about 12 in 
the 100; and in very dry weather, their difference 
amounted-to 4 in the 100. 

168. The following experiments made with guns of dif- 
ferent lengths and calibres, under a mean ftate of the atmof. 
phere are a proof that fine war powder is the ftrongeft. 


Nature of Kind of |= Weight of Initial 
Guns. Powder. Powder. velocity. 
Fine W ome Pees 
: ine War — 

AMulaas 20% Rowing Dito Fy 

: Fire-work Ditto 7 —= 1372 

Fine War Powder 7 —~ 1956 

Rifled Carabine . | owing Ditto 7 = 1920 

Fire-work Ditto 7 -—~ 1934 

A Wall-piece carrying (Fine War Powder 20 —- 1956 

a leaden bullet, in {owing Ditto 20 -— 1928 
Wee ght 23 oe Fire-work Ditto 20 — 1923 . 

A Mufquet 3 ft. 6in. in ‘ 
: length a SF ine War Ditto 7 —- 1736 


The experiments with a mortar made by Major Ronzint 
in the month of Auguft 1761, likewife prove the excellence 
of fine war powder. The Proportions of the mortar were 
very exact; it was laid at 45°, fixed in an iron bed weighing 
6161b. and projected an iron thot 27 1b. in weight, the 

chamber 
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chamber contained one ounce of powder, the fame charge 
was ufed each time without a wad, that there might be 
the leaft difference poffible. The following table fhews the 


t— 


Kind of Powder. Length of Range 
ty ‘ Yard. 

Mufquet Powder — 249 

Fine War Ditto _ 298 

Fowling Ditto _ 294 

Fire-work Ditto — 296 


169. To afcertain the effe& that a difference in the weight 
of fhot and windage have on the velocity, three bullets 
were fired from a wall-piece, and two from the mufquet 3 ft. 
6in. in length of bore. The firft bullet with which the 
wall-piece was loaded weighed 3} oz. the fecond weighed 
goz. the third was equal in diameter to the firft, but equal 
in weight to the fecond, a {mall pebble having been put into 
the centre when it was caft. 

The mufquet bullets were 1 oz. and j oz. in weight: in 
order to have a third kind, cartridges like thofe ufed by the 
Infantry, which drop without ramming to the bottom of the 
barrel when the mufquet is clean, were made with carabine 
balls. 

The wall-piece was charged each time with 23 drachms, 
and the mufquet with 7 drachms of fine war powder. 
The experiments were made under a mean ftate of the at- 
mofphere, and the following table thews the refult. 


Balls. Initial Velocities, 
Feet. 

Firft kind — 1770 

. Wall-piece 4 Second ditto — 1855 
Third ditto ~ 2068 

Firft ditto —_ 1736 

Mufquet. Second ditto — 1834 
Third ditto — 1863 


In thefe two cafes, the initial velocities of the fhot of the 
fecond kind exceed thofe of the firft, though a greater quan- 
of the fluid muft neceffarily have efcaped owing to the 

~ ll and the thot of the third kind from their greater 
F diameter, 
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diameter and lefs weight have a {till greater initial velo-. 
ity. ‘ 
os The following experiments made under a mean ftate 
of the atmofphere, fhew the initial velocities of fhot impelled 
by different charges of tine war powder. 


Weight of Powder. _Initial Velocities. 


Dracbms. Feet. 

Mufquet, length “| 5 = 1399 

bore 3 ft. 6 in. Pa = eae 

Wall-piece, | a = rae 
| of bullet 2$ oz. 45 = je 


A mufquet fired with the ordinary charge of 7 drachms of 
powder does not range fo far, as if the charge were larger ; but 
as the barrel would foon become too hot, the fmaller charge is 
preferred. From the experiments made with the mufquet 
(167, 168, 169,) it will be ealy to deduce by analogy, the velo- 
cities of other fire-arms difcharged in very moift or very dry 
weather. For example, to know the initial velocity of a fhot 
from a wall-piece fired in very dry weather, with a charge of 25 
drachms of fine war powder : as 1is initial velocity under a mean 
ftate of the atmofphere is 2060 feet, and that of the mufquet 
1736 feet; and the initial velocity of the fame mufquet in very 
dry weather is 1829 feet, by making a proportion of thefe values 
1736: 2060 :: 1829: 2245 feet, which is the velocity of the 
wall-piece in very dry weather. 

171. Since the initial velocity of fire-arms of all lengths may 
be thus found, it will be eafy to afcertain the feale of preffures 
which the elaftic fuid exerts upon the thot in different points 
of the bore of the gun. For this purpofe, fire three or four 
guns differing in Jength but equal in calibre, charged with 
the fame quantities of powder: having meafured the initial 
velocities of the fhot, fet off from A to R (Fig. 20.) on the 
line A R the lengths of the guns taken from the part of the 
cylinder where the fhot is lodged to the mouth of the piece ; 
and fuppofing A C to be the length of the fhorteft gun; AD 
that of the fecond, and A B that.of the longeft ; make the per- 
pendiculars CE, DF, BG equal to the initial velocities of 
the refpe‘tive fhot; then a line paffing through the points 
A, E, F, G will be the fcale of velocities ia the fpaces AC, 

AD 
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AD, AB, which the thot has paffed through with an accelera~ 
ted motion. The equation of this fcale may be found in the, 
manner laid down in the preceding chapter for finding the 
correfponding feales S MN O of the preffures of the fluid. 

172. To obtain the initial velocities, four mufquets of 
different lengths, carrying a 1 oz. ball, were fired with 7 
drachms of fine war powder (166), under a mean ftate of 
the atmofphere. 


Length of Barrel from the Snitial Velocities, 
Ball to the Muzzle, 


Feet. Inches, Feet. 
o ir - 1037. 
I 10 —_— 1390 
3 8 _ 1736 
4 8 — 1815 


Fic. 20. Then conftru€ing a figure according to 
‘the directions given in the preceding paragraph, and 
examining the proportion that the ordinates bear to the 
ab(ciffas; the fcale AE, F G of the velocities is an 
eNipfis whofe femi-conjugate axis A R is 4 feet 8 inches, 
and femi-tranfverfe axis RH about 1815 feet, Hence 
it refults ; 

x. That the fcale of prefflures S MN O is in this cafe 
a right line, which when produced cuts the line of direc- 
tion in the centre R of the ellipfis. 

2. That the initial velocities of guns fired under the 
preceding circumiftance, are not increafed by making the 

‘. barrels longer than AR. 

To’ give a theorem for finding the initial velocities of 
mufquets fhorter than A R, fired horizontally with 7 drachms 
of war powder, under a mean ftate of the atmofphere, 
m® muft be remembered that as the fum of the pref. 


furs ARS=RH’, then AS = 690312 feet, 


- Now let AD be the length of any gun; then the fuperfi- 
gieg of the reCtilinear trapezium A DN '§ which expreffes the 


AS x AR*—-DR*., ite 
ay’ cr but the ini- 


F2 tial 


fam of the preffures will be 
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tial velocity D F correfponding with this trapezium is ex- 
preffed by the {quare root of the fame fuperficies : 
' For example, Let AD be § of a foot, DR will be 4 feet 


27 


6 inches or =? which fubflituted in the theorem, will 
ve DF =u= [oe 720) 5S _ 
give DF=n=V 1479 26x 3-36 7M 147926X2e= 


475 feet for the initial velocity. 

173. This method of finding the fcale of velocities in the 
fpaces, may be practifed when the wad is ftrongly rammed 
on the powder ; for then the greateft ordinate of the corre- 
{ponding fcale of preffures is at, or very near to the place 
occupied by the fhot, in the bore of the gun: and there is 
no difficulty in reducing by approximation the line of the ve- 
locities to a regular curve, from which, exprefied geometri- 
cally may be deduced the fcale of preflures. But when the 
greateft ordinate is diftant from the part occupied by the thot, 
as with weak powder or low wads; then to find.the curve 
line of velocities, it is not only neceflary to make experi- 
ments with the guns mentioned in the preceding paragraph, 
but with others in which the fhot has a very {mall fpace to 
pafs through, as 2 or 3 ealibres: thus the curve line may be 
defcribed from its origin, and any irregularity corrected by 
approximation. 

174. If the fcale of preffure only be fuught ; as the velo- 
cities are in the fub-duplicate ratio of the fum of the pref- 
fures, whenever the proportion of two velocities CE, D F is 
lefs than the fub-duplicate ratio of the {paces AC, AD, or 
of the length of the part of the bore from the fhot to the 
muzzle, then the correfponding part S MN of the fcale of 
preflures will converge towards the mouth of the gun: when 
the ratio of the velocities is equal to the fub-duplicate ratio 
of the correfponding lengths, the fcale S MN will be parallel 
to the directrix AD; and when greater, it will diverge 
from it. 

175. Having afcertained the initial velocity=« and the 
fcale of preffures, the value of x, which expreffes how much 
the greateft elafticity of the fluid a€ting on the fhot excecds 
the clafticity of the atmofpheric air, may be found by sar 
oO 
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of the theorem a= V 9°: 547708 here A expreffes the 


height of a barometer made of the fame metal as the fhot; 2 
the length of the fire-arm meafured from the fhot to the 
mouth of the piece; p the ratio between the area ASN D 
and the rectangle AS x AD; andr the radius of the fhot. 
For example, take a mufquet (172) 3 ft. 8 in. in length of 
bore =/; as in this cafe A=2 ft. 10°84 in. r='243 in.; and 


fo) 


{96° .8 x 2.10° ro” 
lues in the theorem, 1736 = ee 
whence x= nearly 280 times the mean elafticity of the at- 
mofphere. 

176. The initial velocity of cannon balls may be eafil 
found by this method of determining the velocities o 
bullets projected from fire-arms of fmall calibre: not only 
the charge that gives the longeft range, and the law of pref- 
fure of the fluid on the fhot in paffing along the bore may be 
afcertained; but the greateft elafticity of the fluid, and the 
point in the length of the bore where it is produced, may be 
determined: in a word, all the folutions of the problems 
relative to {mail pieces from the 167 paragraph to the prefent, 
are equaily applicable to the largeft cannon. 

To determine the initial velocity of cannon balls, there 
muft be a large homogeneous butt: if neceflary, one muft be 
made of earth, cleared of ftones, fifted and well rammed. 
The guns muft be placed near the butt, and at fuch a dif- 
tance from each other, that the loofening of the earth from 
the penetration of one fhot may not facilitate the entrance of 
the other. The depth of their refpective penetrations muft 
be meafured, and the values fubftituted in the place of S in 
the theorem S=g D u*, where D exprefles the diameter of 
the fhot, g its fpecific gravity, and x its velocity, then 


=/5 which is a known quantity. 


Let a wall-piece, whofe initial velocity is known, be 
fisted againft the fame butr De ci the penetration of the 


3 fhot 


#1736 feet; fuppofe p =e! then by fubftituting thefe va- 
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fhot, and fubftitute it in the place of S in the theorem 


S ea 
“= V 7D: In the room of g and D infert their known 


values, which will give the relative value of w: then by ana- 
logy, the relative velocity of the bullet is to its snitial velocity, 
as the relative velocity of the cannon fhot fs to its initial velo~ 
city. Suppote, for example, that the leaden bullet fired 
from the wall-piece be x inch in diameter ~ D and that its 
penetration S=4 feet; as the fpecific gravity of lead is 


{un 
£=9060 then «= ry eT 45. . Suppofe again, that 
: gD go Co 


the cannon fhot be 6 inches in diameter == D and its penetra- 
tion into the butt 14 feet=S, as the fpecific gravity of iron 


’ » oe ic 7” . os 8), 
Is 6115; u=V D> Ve. Then if the known initial 


velocity of the buliet fired from the wall- piece be 2023 feet, 


VAs Pe Seer’ 1880 feet, which will be the 
go60 6115 : a rs 
value of the velocity fought. 

This theorem will ferve to refolve other problems; for 
inftance, by knowing the diameter, denfity, velocity and 
enetration of one fhot, the penetration of the other thot dif- 
sea in denfity, velocity and diameter into the fame butt may 

be found. , 
"197. From a feries of experiments made according to the 
foregoing principles, under a mean ftate of the atmofphere 
with guns, (89) charged with a quantity of common cannon 
powder, equal to about { of the weight of the fhot in 32 and 
16 prs; and to Zits weight in 8 and 4 prs: it refults that 
1349 feet will be the mean initial velocity of 32 prs; 1433 
oh ie prs; more than 1517 of 8 prs; and lefs than 1517 of 

rs. 

yao pe Burer invented in 1764 a very fimple ma-~ 
chine for meafuring the initial velocity of projectiles. He 
applies a little plate of metal provided with a moveable index 
to any wheel that turns with an equable motion, and fuf- 
ficient velocity ; the index is held at fome diftance from the 
circunference of the wheel, by a thread that is ftretched 
acrofs the mouth of the gun. When the gun is fired, the 
fhot breaks the thread, and fets at liberty a fpring, which 
inftantly 
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infantly preffes the index againft the wheel, upon which it 
defcribes an arch, till it is checked by the impact of the fhot 
againft a moveable butt, placed at the diftance of a few feet : 
to this effect one extremity of a rod is faftened to the butt, 
and the other to the plate; thus the index is drawn back by 
the rod, which follows the movement of the butt, and ceafes 
to defcribe the arch on the circumference of the wheel. 
The motion of the wheel, the diftance from the muzzle 
. of the gun to the butt, and the arch defcribed by the index 
being known, it is eafy to afcertain the fpace that the 
fhot paffes through in one fecond of time with an uniform 
velocity ; or in other words, its initial velocity. To diminith 
the friGion as much as poflible, a {mall groove is made in 
the part of the wheel that receives the index, and filled with 
greafe, which prefents a very tlight refiftance. By means of 
- this inftrument the time of the fhot’s pailage along the bore 
of the gun, the initial velocity of fhells, and the refiftance of 
the air to their motion may be determined; if allowance be 
made for the modifications that muft enfue. 

178. In afcertaining the initial velocity of fhot projected 
from fire-arms of cylindric bore in the third method (159) ; 
ig muft be remarked, that fo foon that the fhot begins to 
move, it continually acquires frefh velocity as it advances 
from E to G (Fig 13°, and Icfing a part of the preffure of 
the fluid is only impelled by the excefs of the velocity of the 
fluid over its own velocity: this diminifhes as the fhot ap- 
proaches the muzzle; the adclion of preffure againft the thot 
would be totally loft if the gun wcre very long, but it would 
continue againit the fides of the gun. Whence it refults, 
that the ordinates H Y, G Z of the fcale X Y Z of the pref- 
fures of the fluid againft the thot, which commences at the 
fame point X as the fcale X N O of the preffures againft the 
fides of the gun, are fhorter than the correfponding ones 
HN, GO, and their differences N Y, O Z become greater 
as the fhot approaches G. Thus, when the feveral points of 
the cylinder are proportioned to the different preffures of the 
charge, there are always two fcales; one, exprefling the 
preflure of the fluid againft the fides of the gun in each of the 
phyfical points of its length ; the other expreffing the pref- 
fures againft the (hot in the fame points. When the firft of 
thefe fcales is continually converging towards the mouth of 
the piece, its figure is determined by the length of the gun ; 
: Fg and 


$8 THE FORCE OF 


and it may be confidered as the limit of the greateft velocity 
of the fhot. 

179. In fire-arms of all calibres fired with large charges 
and wadded, fo that only the neceffary interftices for the 
propagation of fire remain between the grains, the thicknels 
of metal mult be increafed gradually from the muzzle to the 
breech, that the gun may be enabled in every point to refift 
the actual preffure of the elaftic fluid: wherefore the fcale of 
preffures againft the fides converges toward the mouth of the 
gun, and the greateft ordinate of the {cale is very near thé 
place oceupied bythe fhot. Then, é 

Fic. XV. In order to find the equation of the-fcale 
of preffures, draw the right line K I parallel to the die 
rectrix EG, confidered as the axis to which the ardie 
nates are perpendicular: let the preflure K E-=p and 
the abfciffaE L=KI=x. As the ordinate 1 H of the 
fegment K Hy appertains to the abfciffla KI, IA may 
be expreffed by 2x, and multiplying 2.x by the abfciffa, 
=x and by m denoting the fraction that fquares the {ure 
face KIH the product 2mx* will exprefs the furface 
KIH: now the retangle EK ! L=p.x, therefore the 
fuperficies EK H L=p x— 2m x*; and call the velocity 
LB that anfwers to this fuperficies V, then V= 

V px mnx’, 

180. Since mufquet barrels were firft made in PrepMont, 
none have been received at the Arfenal before they had been 
proved in the prefence of fome officers of artillery. More 
than a hundred thoufand barrels have been proved in the 
following manner: they are charged with 17 drachms of 
common cannon powder; over which is put a very high 
wad of hard tow, that is with difficulty prefled into the bar- 
rel, and is afterwards rammed down with all the force that 
the armourer can exert: a leaden bullet weighing 184 
drachms is then put in and wadded as before. The barrels 
thus loaded, are placed kcrizontally with the breech againft a 
ftrong bearn of wood, anil each of them is fired twice. At 
every proof fome of the barrels have bur{t, and the crack is 
fometimes at the brecch, at other times at the middle of the 
bore, or nearthe muzzle: but as it is not found to have hap- 
pened more frequently in one part thananother, the officers and 
manptacturers have decmed it unneceflary to make any alte- 
ration in the thickneffes of metal; fo that they may be rea- 
fonably regarded'as proportionate to the preffurcs of the sat 

uid 
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aid generated during the proof, allowing for the proportion 
that efcapes by the vent, and the windage. Thus the thape 
ef.a gun being known, the limits of the greateft velocity of 
the in each point of the length of the bore may be found 
179)- : 
: 3 1. The thicknefs of metal in each point of the length 
of the cylinder is determined by a (Fig. 21) right line F D, 
drawn from the breech to the muzzle obliquely to the axis ; 
thus the lengths BE, BH, and the correfponding thicknefles 
EF, HL of a gun ACBD being known, the inclination 
of the right line MON which is the fcale of the preffures 
of the fluid againft the fides of the gun may be determined, 
the ordinates E M, H O, BN, being in the ratio of the cor- 
refponding thicknefles EF, HL, BD. If the right lines 
EB, F D be produced, they will meet at the point R, where 
the line MON will always terminate, even when F LD 
and MON arecurves. Thus ER=é will be known and 


confidering p=E M, the value of » will be L; then 9 o= 


FA us and m= fince M¢O isa triangle. Hence sm x? 


— and confequently V= VY px—nmx=V pee 


which is an equation to the ellipfis to be conftructed in the 
manner already pointed out (172). 

Take p= 24, then V=V 24x—x* is an equation toa 
circle whofe radius=4; from the point R taken as centre 
with a radius RE=4 defcribe the arch EGK, then the 
ordinates HG, BK, will exprefs the relative velocities which 
the bullet would have at the points H, B, if the line MON 
were the {cale of preflures of the fluid. It thould be remarked ; 

1. That on diminifhing the charge of powder in thefe 
barrels without weakening the refiftance of the fhot and 
wads, the preffure of the fluid at the point E will remain 

. the fame, but it will be weaker at the points H and 

B, (152); the velocity therefore of the bullet at the 
fame points will be lefs. 

2. That on diminifhing both the charge and the re- 
fiftance, either by ufing fmaller wads or by ramming 
them down with lefs force, the preffure of the fluid 


. will be iefs at the point E, as well as at H and B. 
3. That 
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3. That on altering the refiftance, the ratio of the 
preffures will vary alfo. Thefe confequences are dedu- 
cible from the preceding theory, and are confirmed by 
experience. 


182. By the theorem V=W2bx—<* it may be afcer- 
tained with tolerable accuracy, how much the length of 
the gun affects the range. Take, for cxample, the gun 
ADP, (Fig. 21) in which the thicknefles from E to the 
muzzle, proportionate to the largeft charges ; are determined 
by a right line. To find the difference between the veloci- 
ties of the fhot ; or in other words, the length of the ranges, 
by firing a fhorter gun as AH, ora longer one as AQ with 
the fame charge as A DP, the right lines & B, F D muft be 
produced till they meet in the point R, and from R taken as 
centre with the radius RE, defcribe an arch EG K: draw 
to AR the normals HG, BK, QT, which will exprefs the 
" ratios of the length of the ranges, correfponding to the lengths 
of the gun. It was obferved that this theorem would only 
give an approximation; in fact the line MON being the 
{cale of preffures againit the fides of the gun; MY Z which © 
is the {cale of preffures againft the fhot, fooner falls on E R, 
which it cuts in the point S.. Thus the truc fcale of veloci- 
ties is E I V X in which the difference between the velocities 
at the points H, B, Q is lefs than in the other fcale EG K. 
But whatever be the nature of the tine MY Z, it mult necef- | 
farily when produced cut the right line RE in fome point 
S; tor as the fluid expands in a fpace which is continually 
enlarging, and partly efcapes by the vent and windage, its 
velocity will be at length fo much diminithed, that it will no 
longer impel the fhot. The point S is always the centre of 
a re-entering curve line EI V X, of which S E is the femi- 
axis, and E M the parameter ; and by it may in all cafes be de- 
termined the greate/t length that ought to be given to cylindric 
fire-arms, fince beyond this point the fhot receives no in- 
creafe of velocity. rom thefe premifes may be Jikewife in- 
ferred, that in the fame gun the point S will be more or Iefs 
diflant from A, in proportion to the quantity and quality of 
the powder, and to the windage and denfity of the fhot. 


183. Since the radius afer and the thicknefs of me- 


tal EF=m are known, and its tenacity may be deter- 
mined 


FIRED GUN-POWDER. gr 


ined by experiment, the elafticity=m of the fluid may be 
and by the means of the theorem 9962 "r= mg ; and by 


6. 1A 
bftituting in the theorem V=/ eer the values 


2r 


‘wy r,1,=E B, A=the height of a barometer made of the 
me metal as the fhot, and p the ratio between the trapezium 
MNB and the rectangle EMxEB, the value of the 
itial velocity = V of the thot will be likewife found. 

Fic. 21. For example, fuppofe D A P to be a wall-_. 
piece, whofe thicknefles of metal are in equilibrio with a 
iven charge; let the diameter DP=2r=2 inches, 
F the greateft thicknefs of metal in the place where 
the fhot is lodged=m=2 inches, and the tenacity of 
metal = 4723200=4; by fubftituting thefe data in the 
ad 
6 
greateft elafticity of the fluid = is therefore nearly equal 

to 8co times the mean preffure of the atmofphere. 
To find the initial velocity of a leaden bullet fired from 
is wall-piece let E B=/= 3} feet, and p=}; A will be 
out 3 feet; then fubftituting thefe values in the theorem V = 


{, 2 
sa —<inptA 96.54 x 800 x —x 33 x2 
a it will giveV = om 


_ 3 

1800 for the initial velocity of the leaden bullet. 

But if an iron thot be fired from it, A will be equal to 42 
tt, and the initial velocity will be 


"(96.54 x 800x=x 43 x 3 
VaV ——— 2 ——_ = 2043, 


I 7 


t 


theorem 9962 sr = mq, ng962 x == X 472.3200: the 


CHAP, 
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CHAP. V.: 


Or ExreriMENTS FoR ASCERTAINING THE ReEstst- 
ANCE OF THE AIR TO Bopies PROJECTED FROM 
Firz-arMs. 


184., L HE initial velocities of (hot projected ona hori- . 
zontal plane from guns, equal in length, but differing in calibre, 
fired with charges proportioned to tne weight of the thot, 
with powder of the fame quality and wads equally well ram- 
med, are greater in proportion, as the calibre of the piece is 
‘lefs. But if the fame gun be fired on an inclined plane, the 
difference between the ranges will diminifh in proportion to 
the inclination and extent of the plane, till at length the guns 
of large will range farther than thofe of {maller catibre. 

185. From the longer range of guns of {mall caibre, it 
may be inferred that the ratio of the fum of the preffures to 
the diameter of their thot, is greater than in guns of larger 
calibre. When the refiitance to the explofion confifts only 
of the weight of the fhot and wads, the preffures mutt be 
proportionate to the diameter of the fhot, aid of courfe, 
greater in guns of large calibre; but in the prefent cafe, the 
refiftance arifes principally from the friction which muit ne- 
ceffarily be greater in the fmaller guns, fince they are both 
equally rammed: from the fame caufe alfo the powder being 
More compact in the finall guns, the explofion takes place 
more inftantaneoufly, wherefore the ratio of the fum of the 
preffures to the diameter of the {hot muft be greater: the 
fhot likewife in paffing through a greater length of bore in 
the guns of fmall calibre, will be impelled by the fluid for a 
longer fpace of time, whence its velocity muft be increafed. 

186. The fecond effect (184) procceds folely from the 
refiftance of the air to the motion of the projectile : this re- 
fiftance is very confiderable when projectiles move with great 
velocity, and is the greater as the diameter of the fhot is lefs. 

The following is a refult of experiments made in June 
1764, on the Banks of the Po, and a comparifon between 
the aétual and potential ranges. The charges were fuch 
as would give the velocitics marked in the table, and 

the 
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the guns were laid with every neceffary precaution. The 
mediam of feveral rounds was taken, and the dire&tion was 
along that part of the Po, which runs almoft in a right line 
from the mills of Rocca-Franca to the Chapel of the Crucifix. 


Comparifon between the actual ranges of fhot meafured in 
June 1764, along the Banks of the Po, and thofe which a 
given initial velocity would produce, if there were no refiftance 
in the air to the motion of the thot. 


Ranges. 
Initial Eleva- 4 Experi- | Potea- 
Velo. tion. mented.| tial, 
Feet. Yde. Yds. 


e 
Rifled Carabines bulleta weighing } 15.6 [I s50 eo" | Oss | acees 
1 $ of an ounce. 9 


Ze 15 | 988 | 7845 
Mofquet, weight of bullet 1 oz. 1996 55 | 1305 | 15698 


45° 1181 | 31983 

shi 15 4433 | 27 
Balls weighing 3 1855 24° 90” | 1753 rid 
° 45° 1639 | 35794 


Balla weighing 3 f 1770 |] 15@ 1699 | 16307 


Wall-pieces. toz. 
Balle weighing 3 
oz. but equal 2068 1g@ 


1630 | e9268 


in diameter to 
gk oz, balls. 


N. B. During the five momings that thefe experiments 

"were carrying on, the barometer at the battery was 
‘ftationary at 29 inches, except towards the end of the 
third morning when it rofe a little. 


This comparifon fhews that the rifled carabine with an ini- 
tial velocity of 1956 feet only ranged 895 yards, at the ele- 
vation of 45°; while that from the theory of projectiles 
moving in vacuo, it fhould have ranged 39806. Now as 
the only difference between the range calculated from the 
initial velocity meafured near the mouth of the piece, and the 
a&tual range at the elevation of 45°, is in the {pace paffed 
through by the fhot; it muft be owing to the mafs of air 
difptaced by it, and confequently to the refiftance that the air 


Oppofes to its motion. 
187. The 
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3187.. The following experiment proves that the refiftance 
of the air to a projectile, is greater in pafling over water 
than land. In June 1764, feveral rounds were fired from 
the mill of Rocca Franca over the Po, from a wall-piece 

ing a 3y Oz. bullet, at the elevation of 15°, with a 
charge that gave an initial velocity of 1770 feet ; the mean 
range taken with the greateft accuracy was 1799 yards, the 
fame gun was afterwards fired in the fame manner along the 
road leading to Stupimigi, and the mean range was 1863 


188. From the preceding comparifon are deduced fome of 

the corollaries in the theory of the air’s refiftance ( Philof. Inftit. ) 

1. That the air’s refiftance is greater in fhot of {mall 

than of large diameter, provided the fpecific gravity be the 
fame. 

2. That in fhot of equal diameters the moft denfe 
ranges the farthe?t. : 

7 3- That when the gun and butt are in the fame plane, 
the elevation that will give the longeft range with a given 
charge is lefs than 45°. 

4- That the lefs the diameter and denfity of the thot, 
the more the clevation that gives the longeft range, is 
under 45°. - 

-§- That the longeft range to be obtained with the largeft 
charge, depends on the direction of the gun, the initial 
velocity of the fhot, its diameter and weight, the denfity 
of the air, and the equality or difference between the 
planes of the gun and butt. Hence, (102, 103, 104,) 
in meafuring the ranges to afcertain the charges that will 
impel the fhot with the greateft velocity, the refults are 
liable to fuch modifications, particularly when the firft 
graze of the fhot is at a dittance from the gun, that it 
requires a feries of experiments,before any one point can 
be accurately determined. 

18g. In this comparifon between the actual and potential 
ranges, it was fuppofed that the charge thut gives a certain 
initial velocity when the gun is laid horizontally, would give 
the fame at different degrees of elevation. T'o prove that this 
fuppofition is true with regard to fhot uf fmalldiameter, a 
mufquet (169) was direSted againft a block of wood equally 
porous, placed at the diftance of 5 feet, it was fired horizon 
tally with a charge that gave an initial velocity of 1736 feet : 
jt was again loaded in the fame manner, and fired in a ver- . 
tical 
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tical direfion againft the fame block placed at an equal dif- 
tance, the fhot each time penetrated to the depth of 12 


1g90- Since the initial velocity of fhot of {mall diameter, 
is the fame whatever be the elevation of the gun, it follows 
thar the increafe of the elaftic fluid produced when the piece 
is at the higheft elevation, is in the increafe of refiftance arifing 
from the elevation, in the fame ratio as thefe two forces are, 
when the piece is fired horizontally. 

tort. Let AE be 2 horizontal line making with the lines 
AF, AG, AH, AK the fame (Fig. 22) angles as the 
guns were fired under in the preceding experiments: fet off the 

AB, AC, AD, AE of the correfponding ranges, 
and ere&t the perpendiculars BF, CK, DG, EH; the lines 
AF, AG, AH, AK, will exprefs the fpaces that the thot 
paffed through by the impulfion of the elaftic fluid, and the 
perpendiculars BF, CK, DG, E H the {paces paffed through 
by,the power of gravity. Thus it will be eafy to lay down ths 
curve that the thot defcribed in its flight, either geometrically 
or by Dulac’s inftrument. 

192. A line drawn through the points A, F, G, H, K, 
will be a curved line of projections, and will thew the point 
where the fhot will ftrike the horizontal line A E when the 
elevation is lefs than 45°: on the contrary, if the point of 
the line AE which it ought to ftrike be given, the proper 
degree of elevation may be tound without tracing the curve 
defcribed by the fhot in its flight. If the guns in June, 
1764 had been elevated above 45°, in order to know the 
correfponding length A N of the ranges, the curve AF GH 
K 41 L of projections would have been complete, 

193- This method of finding the curve defcribed by pro- 
jeGtiles, may be ufed when the initial velocity remains the 
fame, thouzh the elevation be altered; but when both the 
velocities and elevatiors are diffgrent, the following me- 
thod may be adopted. (Fig. 23) Chufea piece of ground 
on which the guns may be placed at the different heights 
A,C, D; fire fome rounds igom A, charging and Javing 
the piece always in the fame manner; which in the prefent 
©afe will b= fuppofed to be korizontaily, and mark at each 
Glifecharge the firft graze of the thot: then fire from C, D, E 
wah exactly the fame directicn, elewation, and charze, and 
Weak the frit prazes L, B, Q. Erect the perpendiculars 
2H, LK, BM, QF which will be the abfciflas of the curve 

deicribed 
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defcribed by the fhot, and the horizontal lines AH, C K, 
DM, EF will be carrefponding ordinates ; then from the 
value of thefe tines the nature of the curve may be deduced, 
or traced mechanically ; and will be moft applicable to thofe 
elevations where the initial velocity remains nearly the fame. 
If the ground at the points I, L, B, Q be fuch that the thot 
can penetrate in the fame direction with which it impinges, 
the holes being the tangents of the curves, the fub-tangents 
and fub-normals that correfpond with thefe points may be 
likewife known. Thus an equation to the curve may be 
found by the inverfe method of tangents. 

_ 194. Thecurve thus found may be refolved into the fimple 
movements of which it is compounded, by knowing the 
time that the thot is paffing from the mouth of the piece 
placed fucceffively in A, C, D, E, to the points I, B, L,Q, 
where it touches the ground ; for this purpofe, a common 
pendulum or watch that marks very fmall divifions of time 
as ior + of a fecond will anfwer. Place it near the men 
who are ftationed to obferve the firft grazes, and let them be- 

in to reckon the inftant they perceive the flafh of the gun, 
Suppole that the (Fig. 24.) time of the fhots flight from 
Ato l—a from C to L=4, from D to B=d, and from E 
to Q-=f; mark onthe line AE, the times AB=a, AC =4, 
AD=d, AE=f, and make the ordinates BH, CI, DK, 
E L, cqual to the fpaces that the fhot acted on by the im- 
pelling power has paffed through in the correfponding times 
(193); AHIKL will then be the fcale of {paces pafled 
through in thefe times, from which may be deduced the 
{cale of initial velocities ; and again from this laft, the {cale of 
momentaneous refiftances of the air to the motion of the 


thot. 

Fic. XXV. Mark in the fame manner on the 
direétrix M V, the times MR =a, MT=4, MS =d, 
MV=f and ere& the ordinates Rr, Tt, Ss, Vu, 
each equal to the {paces that the thot has paffed through 
by the power of gravity (193.)3 Mrtsx will then be 
the fcale of velocitics, and give the fcale of momen- 
taneous refiftances oppofed by the air to the movement 
of gravitation. ; 

195. If the law of the air’s refiftance only be required, 
one of the following methods may be ufed, and will give 
refults more accurate than any of the former ones (186, 1935 


194.): the firft confits in finding the fcale of {paces that A 
. ot 
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sot acted on by the impelling power has paffed through in 
»tefponding times. The fccond is to find by means of 
lis movement of impulfion, the fcale of retarded velocities 
1 correfponding fpaces, To find the firft {cale, fire fome 
Fig. 26.) rounds from the point S, in the direétion S r 
‘ith equal charges, againft a butt placed at the feveral dif- 
inces So, S/, Sm, Sn. Now as two points on the 
irface of this butt will be always known, viz. the paint 
there the line of direction Sr falls, and that which the that 
rikes, the fpaces oa, 16, mc, nd, pafled through by the 
ravitating principle, and the correfponding fpaces sa, sl, 
m, 5x pafled through in the fame time by the movement 
Fimpulfion will be known, and the curve S ¢@ 4c d defcribed 
y the projectile will be found. If the butt be placed at 
itch a difiance that the longeft line ad of defcent does not 
cceed rso feet; the refiftance of the air to the movement, 
> gravitation will be inconfiderable, and the theorem 


32.1827. . aya oe 
= ~~ — will ferve to determine the time =f, that the fhot 


paffing through the {paces oa, /b, mc, nd in its movement 
* gravity; and alfo through the fpaces So, S/, Sm, Sz in 
s movement of impulfion. 

Fig. XXIV. Draw the directrix AE, making AB 


ca 


/ 
=f. 02, AC=/ —_ Ib, AD=/ 
32.18 32.18 32.18 
mc, AE=V 2 ginds and erect at the points B, C, 
32-1 


D, E, the perpendiculass BH=Se, CI=S/, DK= 
Sm, EL=Sz2; then a line paffing through the points 

A, H, I, K, L, will be the fcale of {paces paffed through 

by the fhot in correfponding times, in its retarded move- 
ment of impulfion. From this deduce the fcale of cor- 
refponding velocities M NOP Q, and that of the mo- 
mentaneous refiftance of the air to the motion of the 
fhot; thus the retarding force of the air will be known. 
196. It has hitherto been fuppofed that the fhot is pro- 
ted in the direCtion of the axis, but this does not always 
appen. To remedy this inconvenience; fire the gun with 
charge that will produce a given initial velocity, place the 
vutt (Fig. 26.) at different diftances So, S/, Sm, Sa, 
G taken 
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taken at pleafure, and meafure the velocity with which the 
fhot impinges on the butt, either by mealfuring its penetra- 
tions (176), or by fome machine proper for the purpofe. On 
a line, fet off the abfciffas S o, S/, Sm, S m, equal tothe {paces 
that the fhot has paffed through by its movement of impulfion; 
and ‘let the correfponding ordinates equal the experimented 
velocities: then by making the longeft ordinate equal to the 
given initial velocity, and ereéting it at the beginning of the 
abfciffas, we fhall have the fcale of velocities in correfponding 
{paces with a retarded. movement of impulfion; from this 
fcale may be deduced’ that of the momentaneous refiftances 
. of the air to the motion of the fhot; it is a matter of no con- 
fequence for thefe experiments, whether the fhot be projected 
in the dire&tion of the axis or not. 

197- There are other methods of afcertaining the path 
defcribed by projeétiles, and the retarding force of the air; 
but it is to be prefumed that the principles laid down in the 
courfe of this treatife will, from their practical utility and 
eafy application, induce the ftudents to exercife themfelves in 
the theory of gunnery, whence they may derive from the ule 
of fire-arms, particularly of mortars, advantages which can 
by no other means be obtained. 


TREA- 
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burt by it: the fecond, that it be manageable and adequate 1 
every purpofe for which it is intended. 

8. To be pofleffed of the firft condition (7); the quality 
Of thé metal, of which any gun is made, fhould be in fuch a 
juft combination with its thickneffes ; that if by any extraor- 
dinary accident it burit, it may not be fhivered into pieces. 
This property is obtained by mixing the metals in a due 
proportion. 

2. The bore of the gun fhould be free from cavities, 
particularly in the charging cylinder; and of fuch a 
figure, that with the fpunge the gunner may be able to 
extinguifh any fire that hangs in the piece, in order to 
avoid the dreadful accidents that fometimes happen in 
reloading. 

. Guns intended for works or batteries fhould be 
of fuch a length that the explofion may not damage the 
embrazures, and that there be no neceffity tor making 
the inner part of them too wide; which greatly expofes 
the artillery men to the fire of the enemy’s mufquetry, 
to the evident detriment and delay of the fervice. 

g. The fecond condition (7) requires ; 

t. That the metal be of fo tenacious quality that the 
gun may with a moderate thicknefs for a long time refift 
the force that tenc> to burit it: 2s guns of large calibre 
may on this principle be made lighter, and be confe- 
quentty more eafily worked and brought into action. 
The metal fheuld likewite be ot fo hard a nature, that 
the bore of the piece may fuitain without alteration a 
Iong continued firing. 

2. That in diminifhing the weizht of metal, fuch 
regard be paid to the fizure of the gun, and the pofition 
of the trunnions, that no irrczularity of movement can 
take place at the difcharge, fufhcient to damage the bore 
of the gun, or al:er the direction of the fhot. 

3. That all the parts and ornaments be fo propor- 
tioned and fituated as to be of fervice in laying the gun 
and firing with precifion. 

After thefe preliminary obfervations, let us proceed to ex- 
amine feparately the feveral caufes that conduce to the per= 
fection of fire-arms, 
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of difcharges; as formerly in the hotteft fieges the firing ha- 
ving been kept up for fome time in the morning was difcon- 
tinued on both fides for three or four hours; this queftion 
remained undecided: but fince the powder has been made 
ftronger, and the firing has continued inceffantly from mom- 
ing till night, fo many accidents have happened owing to the 
fottnefs of the metal, that there has been an abfolute neceffity 
for increafing the quantity of tin. 

5. On furveying. after the peace of 1713, the artillery in 
the feveral fortrefles in PrrpmMonT; it was found that the 
viciffitudes of the preceding war had introduced guns of all 
natures, calt by founders of different nations. In the wars 
of 1733 and 1742, fome of thefe pieces continued perfectly 
good after 1000 rounds ; while others became unferviceable 
afrer soc, or even fewer difcharges: as the fhot in ftriking 
againft the fides had confiderably altered the figure of the bore. 
Many experiments have been made in this capital fince the 
peace of 1749, both by the officers of the royal corps of 
artillery, and by individuals appointed for the inveftigation of 
particular points, to afcertain the caufe of this great diverfity 
of effects. This treatife being only an application of the 
principles of natural philofophy to artillery, it will be beft to 
purfue the method adopted in the preceding works, and refer 
to the maxi:ns already eflablifhed ; that the amillerift may 
take in at one point of view their rife, connection and deduc- 
tion, and be thereby enabled with the-greater readinefs to 
apply them to practice. : 

6. Before we attempt-to afcertain the beft conftru&ion for 
fire-arms, it will be proper to confider in what their perfection 
confifis; that from a clear difcrimination of the neceffity and 
importance of each particular point, we may avoid the error 
into which many have fallen, of paying attention to fome cir- 
cumftances while they neglected others equally effential; thus 
lofing the advantages refulting from a combination of the feveral 
parts of the fubject : hence their labours have only tended ufe- 
Icfly to multiply the fpecies of ordnance, which has been 
already obferved by fome excellent writers; who from the 
tadnefs of the inventions have inferred the want of talents 
in the inventors. 

7. There are two principal conditions which conftitute the 
perfection of every fire-arm: the firft requires that it be fo 
confirugied that the men who work it may run no rife of being 
, G3 burt 
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CHAP. I. 


Or tHe METALS OF WHICH FIRE-ARMS ARE MADE. 


10. Ts E fimple metals ufed in cafting cannon, are 
iron, copper and tin; brafs, which is a compofition, is fome- 
times added. As the proprietors of mines find it too expen- 
five to perform all the operations ncceffary for the thorough 
purification of the metals, the iron and copper ufually met 
with in commerce, are not fufficiently refined for the pur- 
pote of the founder. The fubfequent remarks on the method 
of ufing thefe metals will alfo point out when they aré pro- 
perly purified. 

11. Jron ore is generally found in the form of an indirated 
earth, and is fluged in contact with charcoal, with a very 
ttrong heat kept up by means of large bellows : during this ope- 
ration the greater part of the volatile particles contained in 
the ore, as fulphur and arfenic, exhale in form of fmoke, and 
the phlogifton uniting itfelf intimately with the ferruginous 
particles, the iron appears in fufion at the bottom of the fur- 
nace ; wiience it is run into a trough prepared with fand of a 
demi-cylindrical form, and is by the workmen termed @ pig. 
This is called iron of the firit {melting, and is always un- 
malleable. 

12. This iron is again felted by a fimilar procefs, and is 
then called iron of the fecond fmelting, which though purer 
than the firit, is fill unmalleable. In proportion as the 
ore is more purified and has been oftner {melted, it fules 
with more difficulty; and the fufion does not at length‘com- 
mence tii! the heat be very intenfe. 

13. The iron procured from foreign countries, as an arti- 
cle of commerce is generally diftinguifhed into two forts. 
The one does not yield to the hammer when cold; but when 
red hot, it eafily breaks into pieces, which is owing to the 
quantity of heterogeneous fubftances it contains, principally 
arfenic and fulphur; the other kind is malleable when red- 
hot ; a certain fign that it is well purified and of a good and 
tenacious quality. 

14. For iron guns, the ore of the moft tenacious quality 
is the belt. Englith ore is in the higheft eftimation ; it has 

G4 a fuf~ 
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a fufficient degree of hardnefs, fince in firing with thot, the 
bore of the gun is never injured; but as it is not fufficientiy 
tenacious to refift the force of powder in very long ficges, it 
becomes neceflary to fupply this defect by adding to the 
ftrength, and confequently to the weight of the cuns, to 
prevent their burtting: wherefore 32 pourders with proper 
reinforces are tou heavy, and are oily uied on board of fhips 
of war, 24 pounders ocing the largelt piece of iron ordnance 
that is ufed in land fervice. 

15. The iron of the fecond fmeltinz is heated and welded 
‘with a forge hammer to increafe its maileability and tenacity: 
this operation is frequently repeated to feparate the earthy 
heterogenous particles. When thus worked, it obtains the 
name of furged iron, and is !efs hard but much more tena- 
cious than before. It is efteened of the beft quality when 
malleable, both hot and cold, and whcn it yields to the file; 
but when it breaks and fplits under the hammer, it is not fo 
goed. A very violent and long continued heat is neceffary 
to fafe forged iron ; and from its foftnefs, it is only ufed in 
the conftraction. of fire-arms of fmall calibre, from which 
Jeaden bullets ave projeSted, as wall-picces, mufquets, piftols, 
&e. fince from its great tenacity the barrels may be made very 
thin. 

16. Copper is generally found mixed with other metallic 
and volatile fubitinces; according to the nature and propor- 
tion of which the operation of purifying mult be varied. It 
fometimes happens that a vein of a copper mine will furnifh 
for a confiderable time, an ore eafily refined ; but at length 
its Quality alters, which induccs a neceflity of multiplying 
and even diverfifying the proceffes of refining. In all cafes 
it is firft fluxed; whence a regulus or mixed metal, called 
black capper is obtained ; which is unmaileable and of different 
qualities according to the nature and proportion of the hete- 
rogeneous fubftances. 

17. To purify black copper, the chymifts ufe the cupel 
almoft the fame manner as the refiners of gold and filver: 
but the common inethod is to roaft and afterwards fmelkt it; 
that during the roafting, the volatile particles may be fub- 
limed; and that when in fufion the other heterogeneous fub- 
flances may be converted into fcorie: the metal obtained 
froin this procefs is called copper, and is generally run into 
thin cakes, which arc very full of cavities and fpungy. 

: The 
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The copper met with in commerce is generally defigned of 
three qualities, viz. pure, common, and impure, as in fome 
mines the metal will not defray the expence of purifying it. 
For fome years paft the merchants have imported copper 
from GERMANY, Savoy, and Japan, which is very well 
purified: that procured from Aost and Swepen is harder 
and lefs malleable ; but the copper brought from Merxrco 
is of a very inferior quality, being crude and totally unfit for 
wire- drawing. a 

18. Pure copper is red, tenacious, du@ile and malleable; 
it is drawn into very finall wire, as the ftrings of mutfical 
inftruments; and beat into very thin veffels without breaking 
or fplitting : this is a certain method of proving its purity. 
This copper requires a very ftrong and long continued heat 
to meltit. If it be fufed without being in conra& with any 
phlogiftic body, and the fire be ftronger than is neeeffary to 
keep it in fufion, fmall particles will be feen fucceffively to 
calcine ;' and if the fame force of fire be continued, thefe 
calcinations will appear in the form of feoriz floating on 
the furface of the melted metal. If the fcoriz be feummed 
off, pounded and mixed with a quantity of charcoal, t 
will when expofed in the furnace to a ftrong blaft revivify 
and refume the metallic form. (Philof. Inftit. 91, 116.) 

The flame that breaks out at the fufion of ‘pure copper 
with charcoal, is of a fine green colour; when diffoived by 
oil of vitriol, it exhibits a blue flame. 

1g. Common copper is that in which the heterogeneous 
fubftances are in fmall quantity, and do not much affect its 
tenacity and duétility ; fo that though it cannot be drawn 
into very fine wire, kitchen utenfils are made of it. 

The copper of the third kind is: of an inferior quality ; 
Jefs tenacious and duétile:. if brittle under the hammer, 
or when offered to the wire-drawer, it is a proof that 
it contains many ferruginous or arfenical particles. If 
there be much arfenic, the copper fufes eafily ; and if there 
be any.antimony it accelerates thefufion : but then the flame 
inftead of being of a greenith is cf a whitifh caft, and is loaded 
with fmoke. If the flame at the folution of copper by oil of 
vitriol be yellow, it is a fign that the ore contains iron ; and 
if the colour become green, the iron is in great quantety. 
Impure copper ought never to be admitted into founderies 
for cannon, as the bronze made of it is fhort and brittle. 

20. Tin 
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20. Tin is the lighteft of metals; yet its ore is very pon- 
derous whe: mixed with arfenic : it is therefore eafily fepa- 
rable from other heterogeneous fubitances that are lizxhter, 
either by picking or wafhing, after it has been pounded in a 
mortar: the ore is then roatted to clear it of the arfenic, and 
afterwards {melted in conta&t with fubflances abounding 
with phlogifton; in order to prevent the great calcination to 
which tin in fufion is liable. 

ax. Tin well purified is not very ductile or tenacious; and 
a creaking noife on bending it different ways is heard. A 
very moderate degree of heat fufes it long before it becomes 
red, and the more it is expofed to the air the fooner it cal- 
cines: on combining the calx with a phlogifton, and ex- 
pofing it to a prcper degree of fire, it readily refumes the 
metallic form. Purified tin is milcible with othcr melted 
metals, and diminithes their du@ility and tenacity, except- 
ing lead. On the other hand, a mixture of 20 parts of tin 
and 1 of copper, is more folid than pare tin, and yet pre- 
ferves its ductility ; of this kind is the fine Englifh tin. 

a2. Zinc is a femi-metal found in Calamine, Lapis Ca- 
leminaris, and the fubftance called Cadmia Fornacum which 
attaches itfelf to the mouth of furnaces, in which metals 
containing zinc have been fmelied. This femi-metal eafily 
inflames, when expofed to a fufficient degree of heat, fub- 
limes in the form gf white flowers, called philcfophic wosl, 
and is diffipated. As zine is found mixed with different 
minerals, the operation of purifying it varies according to 
their feveral qualities. : 

23. The combination of ziuc with copper is called brafs. 
When the fub‘tances are of a good quality, the brafs is mal- 
Jeable when cold; brittle, when very hot: but if compofed 
of impure materials, itis brite when cold: from this pro- 
perty its quality is eafily afcertaine. Brafs is yellow and 
more fufible than copper: if fufed in a crucible with a ftrong 
heat, the melred mets! will inflame aad a great many flowers 
of zinc be {cen to rife from its furface; fo that if it be kept a 
long time in fufion, it will lof all its zéze, and the refiduum 
will be fimp!y copper. 

24. Ifa quantity of copper be heated, and a proportion of 
tin thrown into the ‘urnace, the two metals will fooner be- 
come fluid: if copper, or a mixture of it with tin be already 
melted, an addition of tin will render the fufion thinner; 
tin is then the menitruum of copper: but this property docs 

not 
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not fuffice to make a thorough and exact mixture of the two 
metals in large furnaces; a motion infinitely greater than 
that which is fufficient to keep them in fufion muft be for 
this purpofe excited. If the metals be well mixed together 
and drawn from the furnace fo as to be fuddenly condenfed ; 
the particles will retain their intimate-connection when per 
fectly folid: but if the quantity of melted matter be very 
great, and the receiver of fuch a form that it is fome time 
before it fets, on examining it when cold, the tin will 
be found to abound moft towards the bottom, particu~ 
larly in long receivers, like the moulds of cannon. The 
calcinations (18, 21) which take place while the compofi- 
tion is in fufion, are of different characters according to the 
quantity of melted metal, the expofure of its furface to the 
air, and the time that it remains in fufion: thefe changes 
are almoft imperceptible in the more minute proceffes of the 
metallurgifts ; but when in large furnaces a great quantity of 
metal is fuffered to remain a long time in fufion, and the 
fire is increafed, it will be found that the metal produced 
from the revivified calcinations, contains the tin in a greater 
proportion, than when put into the furnace; as is feen in 
the refined cakes, which the founders of artillery draw from 
what they call the operation of the handle. 

25. ‘The mixture of cspper with tin is called bronze, what~ 
ever be the proportion between the component parts, provided 
that the excefs be on the fide of the copper. In proportion to 
the quantity of tin, the compofition (2) is harder and lefs fubs 
jet to cavities; it even lofes its tenacity and becomes crude 
and brittle, if the quantity of tin be too great; the addition of q 
confiderable proportion of brafs renders it a little harder, and 
even more brittle when heated (23) though the brafs be of the 
beft quality. Since the ufe for which the bronze is defigned 
muft determine the proportion between the component parts, 
in order that it may have the phyfical properties requifiie for 
the intended work (2, 3), it follows that guns may be caft 
{rom bell-metal, and ftatues, &c. from gun-metal, on adding 
certain quantities of copper or tin. 

26. It will be thewn in the following chapter that the 
metal for cafting cannon, particularly battering cannon, mutt 
(8, 9) indifpenfably be of a hard and tenacious nature. To 
this end it is neceffary ; 

1 That the metals be of a good quality and well 
purified. 
2. That 
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2. That their proportion be comprifed within certain 
limits. 
’ 3. That their natural hardnefs and tenacity be in- 
creafed by compreffion. 

27. Pure copper (18) is the beft for artillery ; as is the 
Englith tin (21) on account of its fuperior quality. Tin in 
which there is any /ead fhould be abfolutely rejected, fince 
this metal diminifhes both the tenacity and hardnefs. That 
gun-metal may have all the requifite properties (26), the 
quantity of tin thould be between a 6% and an §** part 
of the copper, when the powder is as ftrong as that now 
in ufe: it would be injudicious to diminifh the proportion, 
as was done when the powder was weaker. if the copper 
be very well purified, and confequently verv foft and duciiie, 
the quantity of tin fhould be nearly 16 in the 109 of copper; 
but not more than 12 in the 1c9, if the copper be cf an or- 
dinary quality; 1alb. of tin mixed with ioolb. of inypure 
copper form a crude and brittle bronze, and fhould never 
be ufed. In order to increafe by compreflion the nauural 
hardnefs and tenacity of the metals, the moulds of. guns 
fhould be fo made, that the fuperincumbent mafs, commonly 
called the bead, be as long as poflible. 

28. Whenever bra‘s enters into the compofition of gun- 
metal, it fhould be in fmall quantities; fince, as has been 
already obferved, it tends to render it brittle, particularly 
when the gun is heated by frequent firing (23, 25): befides, 
as it mutt be put into large furnaces by {mall quantitics ata 
time, the zinc of the brafs firft introduced will be fublimed 

. (23) which caufes an uncertainty with regard to the juft 
proportion of the materials. The advocates for the ufe of 
brafs think that it affifts and preferves the perfect mixture 
between the copper and tin; but this opinion is not fuffici- 
ently warranted by experience. 

29. To the remarks aiready made on the hardnefs of 
fome particular metals (Inftit. Phyf. Mec. 66), let us add 
therrefult of experiments made on feveral compofitions in 1759 
by Mayor Runzini, director cf the royal laboratory of 
metaliurgy. In thefe experiments, feveral rods of metal 
were expofed to the force of a piece of iron weighing 84 1b. 
which falling from the height of 1} foot, on the head of a fteel 
punch with a conical point drove it into the rod of metal, upon 
which it refted; the effects are therefore expreffed by the fize 
ot the hales made by the punch, which from the fimilarity 

ot 
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of the figures, are in the triplicate ratio of the penetrations, 
marked in the firft column; and the relative hardnefs of the 
rods are expreffed in the inverfe ratio of thefe holes; for 
example, the hardnefs of the bronze A is to the hardnefs of 
the bronze F as 173 to 51. 

Refult of experiments made in 1759 to compare the rela- 
tive hardnefs of the following metals: 


Effects exprefi- 
ed by tbe 
relative fizes 

The relative Penetrations of the punch of the holes 
into the Rods. made by the 
punch. 
Fir Column. Second Colemn. 
Fine tin of England _ 92 12.16 
Pure copper of Germany am 66 45° 
Small pieces of copper coin 58 301 
Brafs of Germany, malleable whencold 54 246 
A mixture of 100 parts of copper, 12 
of tin, and 2 of zinc, the zinc be- } 42 516 
ing previoufly mixed with the tin . 
A mixture of 100 parts of pele and 68 


12, of tin. —_ 


Bronze formed of good Materials in the following Proportions. 
Copper. Tin. i if. Col. 2d. Cal. 


A 100 °° 25 32 51 

B 1009 20 #+* 35 66 

* JC xco 16 “ 37 © 

D190 14 = = g—Ssdt00 

E reco 12 42 116 

F srco 8 “~ 48 473 

: 1oo0 24 «00s 28's FB 

. 100 20 «§ 3 62 
Different Mixtures. ] K os 16 28 | 3 7 
L100 4 8 37 7 

M 100 12 6 40° 106 

| a 100 19 12 42 «116 

100 20 4h 133 

| Q.sr00 3 28 8 47—«162 

R100 5§ 20 49 184 

LT 100 2 20 §2 220 
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30. We gather from thefe experiments; 

1. That tin is the principal ingredient towards ren- 
dering the bronze hard. 

- g. That the holes made in the metals A, B, C, D, 
E, F, compofed only of copper and tin are nearly in the 
reciprocal ratio of the quantities of tin. 

3- That by adding a quantity of brafs, the propor- 
tion of the ingredients may be diverfified, yet retain the 
fame hardnefs, as appears from G and L. 

4. That the metals C, D, whofe component parts 
are within the limits affigned (27) may ferve as a rule 
to judge whether the other metals have the requifite 
hardnefs for artillery. For example, to compare the 
hardnefs of 2 bronze Z with that of C or D; let the 
penetration of a punch falling on a picce of fine Englith 
tin of a determined quality =I, then find the penetration 

., Of the fame punch into the bronze propofed, and ex- 


"" prefs it by Z; z will be the propartion between thefe 
' penetrations. But by the experiments in the preceding 


paragraph a is the proportion between the penetra- 


I 
tions into the tin and the bronze D. If then-; 2 
Z 40 


the propofed bronze Z will be as hard as the given 


bronze D ; If z7 Z Z will be harder than D, and if 


I 92 : 
ZSio D will be harder than Z. 


31. There are different methods of finding the proportion 
of tin in any bronze, but they give at beft but an approxi- 
‘mation. 

In the firft place, the compofition of a bronze may be 
determined by finding experimentally its hardnefs and 
tenacity, and comparing them with the hardnels (29) 
and tenacity (Inftit. Phyf. Mic. 64.) of a bronze given 
as a rule; if they correfpond in thefe two properties, 
they may be faid to be of the fame quality ; but if one 
be equally tenacious, byt lefs hard than the other, or 

- equally 
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equally hard and lefs tenacious ; it will be a proof that 
the proportion or quality of the component metals is 
different. : 

In the fecond place, the compofition of bronze may 
be nearly afcertained by found and colour; for if on 
ftriking it with a hammer, it be very fonorous, the tin 
abounds, and vice verfa. When the filings of bronze 
appear red, it contains but little tin; when they appear 
fparkling and whitifh, the tin is in great quantity: a 

ellow colour denotes that there is a great proportion of 
brats If a piece of bronze be broken off with a ham- 
mer, and at the point of feparation hardly any particles of 
copper can be perceived, it is a fign that the proportion 
of tin is about 4 of the copper; greater than 5 when 
the fection appears of a whitith caft; and lefs when many 
particles of copper are perceptible. 
* In the third place, fome idea may be formed of the 
proportion between the tin and copper, by knowing 
the quality of each, and afcertaining their {pecific gra- 
vities ; but this method is not accurate, on account of 
the fpunginefs of the copper. 


CHAP. I. 


Or THE EIARDNESS AND TENACITY oF GUN-METAL. 


32. To prove more clearly the neceffity of having a 
hard and tenacious: metal for caiting guns, and be enabled to 
affign certain limits to thefe two properties, fo that the pieces 
may be fufficiently ftrong, withuut unneceffarily increafing 
their weight or incurring other inconveniences (8, g), the 
forces that tend to deftroy the guns, and the manner in 
which thefe forces aét, fhould be confidered. 

Fired powder tends to deftroy guns in three different ways. 

1. By the preffure of the elaftic fluid againft the infide 
of the cylinder. 

2. By the effects produced by a wad, or other fimilar 
fubftance, when placed at a confiderable diftance from 
the powder, if the charge be fmall, or contiguous 
to it, if the charge be fuperabundantly large : eh 

either 
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either cafe, the elaftic fluid generated at the bottom of 
the cylinder, is fo much accelerated in its motion before 
it reaches the refifting body, that it a@s with. great 
force, and meeting with obftruction exerts againft the 
fides of the gun, a power much greater than that pro- 
ceeding from the preffure alone. 

. By the irregular motion of a fhot, which ftriking 
againft the fides, makes cavities and furrows, and alters 
the figure of the cylinder; which would render the gun 
liable to burft, if the metal were not much thicker than 
neceflary to refift the preffure of the elaftic fluid, 

- 33. To know how far tenacity combined with the thick- 
ak of metal can refift the force of powder (32 No. 1, pl. 1, 
Fig. 1.) Let the figure reprefent a fection of the charging 
cylinder at right angles to the axis of the piece, and A B=r 
the radius of the bore BF G D, and BC =~ the thicknefs of 
metal: fuppofe m =the diameter B D, the theorem 9962 »r= 
arq is the expreffion of a cylinder, which burits longitudinally, 
and m=2r; then fubftituting this value, and corredting t 
expreffion 4g81"= 9; # fhews how often the fuid generated 
from powder is more elaftic than the natural air under a mean 
flate of the atmofphere, and ¢ exprefles in pounds the weight 
requifite to overcome the tenacity of the metal. Suppofe 
the elafticity of the fluid be at the higheft degree, viz. equal 
to that produced under a very dry ftate of the atmofphere, 
in a veffel that invariably preferves its form, whence it can 
only efcape by the vent, 2 =1g00 (Treatife on Powder 137}: 
then 4381 x 1900= 9463900 Ibs. which is the tenacity re- 
prefenicd by g in a thicknels of metal equal to the diameter of 
the bore and in equilibrio with the given preffures. The 
tenacity of bronze compofed of common copper and 4 of 
tin is 12909386; and of bronze containg /, of tin 11881360 
(Philof. Inftit. 64); hence if cither be ufed for cafting can- 
non in the proportions of heavy artillery, the tenacity will 
be greater than is requifite; particularly as in practice, the 
greater part of the fluid efcapes througn the mouth of the 
gun, where it encounters no other refiftance than the fri@ion 
of the wads, and weight of the fot, fo thatthe elafticity 
never amounts under the moit favourable. circumftances to + 
of the greateft elafticity 1900. Wherefore gun-metal may 
be compofed of copper and + of tin, without any rifk of 
the gun’s buriting. 

34. THR 
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34. THE OFFICERS OF ARTILLERY, in order to afcer- 
tain whether guns caft of the mixture M (29) oppofed fuffi- 
cient refiftance to the -greateft preffure of the elaftic fluid, 
made choice of a 32 pr. called the Invincible, in which 
the thicknefs of metal at the breech was equal to one diame- 
ter of the bore, and the thicknels at the end of the firft rein~ 


5 


force equal to 3 of that diameter. In the month of May, 


1771, this gun was loaded with 16]1b. 60z. of. fine war 
powder, the wads were of twifted hay, rammed down by 
fix ftrokes. from two gunners ; the reit of the cylinder was 
filled with clay very clofely prefled, and a tompion ot wood 
wedged into the muzzle: the gun thus loaded was placed in 
a ditch, prepared for the purpofe, and ftrong ftakes-driven 
on each fide to prevent the leaft motion; a heavy beam was 
fixed behing the breech, and another before the muzzle, to 
force all the fluid to efcape by a hole made in the axis-of a 
bouch {crewed into the vent. The charge being fet fire to, 
all the fubftances were forced through the mouth of the piece, 
and the beam placed there blown into the air.. The gun 
was carefully examined, but not the: leaft flaw difcovered, 
though every inftrument and method were ufed for that pur~ 
pofe : it was afterward filled with water, and fuffered to re- 
main in that ftate for five hours, at fuch an elevation as to 
caufe 2 ftrong compreflion, yet not a fingle drop oozed 
through, 

35. It has been already obferved that metals lofe their te- 
nacity when heated, and compound metals more than fimple 
ones; wherefore the oftener the guns are fired the lefs tena~ 
cious the metai becomes. “This heat however is never fo great 
as to fire the powder in loading the piece; befide the artillery 
men either ceafe firing of cool the gun with a wet fpunge, 
when they are apprehenfive of its being too hot: wherefore 
we will confider this heat as the higheit term in comparing 
different tenacities. Bronze containg 7 of tin lofes at mott 
athird of its tenacity, when heated fo as to fire powder; or 
in other words, its tenacity is only equal to 7358758; and 
bronze containing y of tin and heated to the faine degree 
lofes only a fourth of its tenacity, which is thus reduced to 
9682040: then, if in the theorem 4981 %-=9, 1200 be 
fubftituted in the place of »; (fince (33) in the common 
fring <j x 1900,) 4981 x 1200=5977200 equal to the 

H preffure 
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preffure of the fluid: wherefore the tenacity of thefe metals 
heated fo as fire powder, is ftill greater than is neceffary, 
when the thicknefs of metal at the charging cylinder is equal 
to a diameter of the bore. 

36. The following experiments made by the OrFicers 
oF ARTILLERY, in the fpring 1770, at the Practice 
Battery will prove the above propofitions. A 2 pr. 
called the Sarcophagus conftructed on the fame t and 
of metal of the fame quality as the Jnuincible, was fired 800 
times with fhot, the windage of which was agreeable to the 
prefent eftablifhment: the charge of 8lb. 12 oz. of fine 
war powder was ufed; two gunners gave five ftrokes to the 
wad over the powder, and three to that over the fhot ; the 
gun on its carriage was placed upon a horizontal plat- 
form; 100 rounds a day were fired at the rate of 12 in an 
hour, which is more frequent than in the hotteft firing at 
fieges, as on an average feldom more than g ‘rounds can be 
fired. After the experiment, the piece was carefully ex- 
amined, but no flaw difcovered ; the part of the cylinder 
from the muzzle to the wad over the powder wag per- 
feétly {mooth, and the gun having been each time poimed 
to the dxtt, the fhot were all thrown ina direct line; the 
infide indeed of the charging cylinder was become rough} 
but this could not affect the fervice of the gun, and was artri- 
buted to the liquefaction or calcination of the particles of 
tin that lay on its furtace. It has often happened that on 
heating the breech of a gun, to repair the veut which had 
been enlarged by firing, the exterior furface has becumie very 
rough, and when the tin has not been properly mixed with 
the copper, little cavities have been formed: the irregular 
enlargement of the vent further proves a want of due exaét- 
nefs in mixing the metals. 

The Sarcophagus had a chamber at the bottom of the 
cylinder, the upper part of which was confiderably corroded 
by the powder that efcaped through the vent; this will be 
accounted for in the eighth chapter. 

37. Having thus confidered the refiftance of guns with re- 
{pect to their tenacity combined with the thickneffes of metal, 
let us examine why hardnefs is likewite neceffary, and how far 
this property thould be carried. For this purpofe, the aGtion of 
the fluid on the fides of the gun, particularly at the part 
where the wad is placed between the powder and fhot, mutt 
be known (32, No. 2), The eafielt and moft effectual 

method 
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method of afcertaining this, is to make experiments with 
two guns of the fame calibre, but caft from different mix- 
tures: Let one gun be caft from a foft mixture, in which 
the tin does not exceed ;', of the copper ; (Pl. 1, Fig, 2,) let 
the charge be equal to 3 of the weight of the fhot, and be wad- 
ded as ufual; after the difcharge it will be feen that from 
A, where the fhot was lodged, towards B the bottom of the 
bore, the fides are diftended all around, and the orbicular 
cavity AC D in fhape of a pear is formed, whofe greateft 
depth is at C where the wad was placed between the powder 
and fhot; that it diminifhes gradually towards B, and ceafes 
entirely at D, at the diftance of about two diameters from 
B. Oncharging this gun with a quantity of powder equal 
to the weight of the thot, the cavity will be increafed, but 
its greateft depth will till correfpond with the fituation of the 
wad between the powder and fhot. If, inftead of being con- 
firu€ted according to the proportions of heavy artillery, the 
thicknefles of metal be only in equilibrio with the fluid ; 
the gun will burft at the point of the greateft depth of the 
cavity ; or at Jeaft the metal, if foft and duétile, will bulge out. 

Let another gun be caft on the fame model from a harder 
metal, in which the tin is equal to ; of the copper, and 
undergo the fame proof: after repeated firings no cavity 
or other alteration will be found, provided that it was 
properly reinforced; but if the thickneffes of metal be 
only proportionate to the preffure of the fluid, the gun will 
burft where the wad is placed between the powder and fhot. 
Other. experiments will be adduced’in the courfe of this 
work, more fylly to evince the neceffity of combining hard- 
nefs with the thicknefs of metal. 

Sportfmen know by experience, that though the barrels of 
their fowling-pieces may refift trong charges when the wad is 
contiguous to the powder; yet when a high wad is placed 
half a foot from it, even if the powder be of a weak quality, 
that they will burft at that part. People unacquainted with 
the theory of the elaftic fluid generated from fired powder, pre~ 
tend that the burfting of the barrel is owing to the rarefaGtion of 
the atmofpheric air intercepted between the powder and ‘wad; 
bat whoever knows how to eftimate the force of this air, and 
compare it with the force which the fluid exerts againft the 
wad, will be convinced that the action of the latter is the trug 


caufe. 
H 2 38. The 
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38. The neceffity of cafting guns of hard metal, in order 
to avoid the cavity (37) formed in the bore, is further de- 
monftrated by the following experiments made in June 
1759, by the Orricers oF ARTILLERY. ‘Three 16 prs. = 
were conftructed with the common proportions of battering 
guns, but each Was caft from a different compofition; the_ 
firft was the common mixture, that has been in ufe among 
our founders for feveral years, and contained tin in the ratio 
of 8 to 10 inthe toolbs, of copper: the fecond was the. 
mixture R; and the third T (29). Three rounds being. 
fired from thefe guns, under an angle of 15° with 8 lb. 12- 
oz. of powder ; a cavity was found in each of them ; with 
this difference, that its depth was greater in proportion as the 
metal contained lefs tin; for on meafuring the cavities, the 
one in the gun caft from the common mixture was ;", of 
an inch, that in the gun from the mixture R 54, and that 
in the gun from T 5%. Two fhort 4 prs. one of which 
had been caft from the common mixture, and the other 
from the mixture R, were likewife fired with 1 lb. 10 oz. 
of powder; the cavity in the former was =, of an inch, 
and that in the latter 34. 

39. The refults of thefe experiments induced the officers . 
to examine twenty 32 prs. which had been proved in the. 
common method, by firing three rounds from each. “They 
made ufe of the inftrument invented by Sic. Matrey, 
mathematical inftrument-maker to the king, for taking the 
exact figure of the bores of guns. Ten of thefe guns had 
keen proportioned on a f{cale made from the diameter of the 
fhot, and caft from the mixture R: they were fired with 
fhot at the elevation of 15° with 162 Ibs. of war powder ; 
on examination they were all found to have a cavity in the 
figure of a pear, where the wad was placed between the. 
powder and fhot; the cavity was two diameters in length, 
and ., of an inch in its greateft depth. The other ten guns 
had been caft from the common mixture, which was harder | 
than R (29, 38), and proportioned on a fcale made from the 
diameter of the bore : each of them was fired three times with 
fhot at the elevation of 222°, the firft time with 174 lb. 
of cannon powder, the {econd time with 22 Ibs, and the 
third with 26 ; lb. an orbicular cavity was likewife found after 
the Jaft difcharge in all thefe guns of about three diameters in .. 
length and ,;'; of an inch in its greateft depth, at the part , 
where the wad had been placed in the laft charge. Hence 

: : appears 
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‘appears the neceflity of having gun-metal fo hard as not tq 
admit of any cavity being formed by the action of the elaftic 
fluid, which is more violent in proportion, as the charge 
occupies a greater length of the bore: wherefore, though 
cannon powder is lefs inflammable than war powder, (Tieatife 
on Powder) and confequently generates lefs elaftic fluid in 
equal times; yet, in the guns formed of the common mix- 
ture, and fired with 26} 1b. of cannon powder, the lefs 
quantity of fluid having a longer {pace to pafs through, ac- 
quired greater velocity ; fo that notwithftanding the fuperior 
hardnefs of the metal, the cavity was of the fame depth as in 
the gins caft from R and charged with 163 Ib. of war powder. 
‘40 To confirm the refult of the foregoing experiments, 
a 32 pr. caft from the common mixture was, in Auguft 
1759» fired twice with each of the following charges of fa-. 
lutiag powder, which was the ftrongeft then at hand; five 
ftrokes were given by two gunners to the wad over the pow- 
der, and three to that over the fhot: the piece was laid at . 
the elevation of 223°. 


EXPERIMENTS IN 1759. 


Weight of Powder, ' Length of Range, 
2. ox, Yards. 
9 4 3968 
130 2 4456 
16 6 4659 


After “the two firft rounds, the gun was examined, but 
no cavity difcovered ; after the two rounds with the 13 Ib. 
20z. an orbicular cavity was formed, whofe greateft depth 
was ys of an inch, at the pofition of the wad between the 
powder and fhot; and after the two rounds with the 16 Ib. 
60z. the cavity was much enlarged, its greateft depth was 
+z of an inch at the place where the wad was lodged at 
the laft difcharge. 

41. Some rounds were fired in September 1759, from an 
8, 16, and 32 pr. ca(t of a metal fimilar to D, M, (29) 5 
in order to determine the proper degree of hardnefs for 
preventing the formation of orbicular cavities, even with 
extraordinary charges. The charge was of faluting powder, 
equal to 2 of the weight of the fhot; the guns were laid at 
15°, and the wads rammed as before: after the experiment, 

H3 ; not 
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not the leaft alteration eould be obferved in any of the guns 
this degree of hardnefs may then be looked upon as fuffi- 
cient, and this conclufion has been fully juftified by fubfe- 
quent experience. 

42. The third method, by which the powder tends to 
deftroy guns (42, No. 3) now remains to be confidered. 
In the wars of 17 33 and 1742, there was an oppoitunity 
examining guns of different nations, that had been rendered 
unferviceable by the fhot ftriking againit their fides, and 
making cavities, furrows, cracks, and fwellings, which had 
caufed fome of the fhot to break to pieces in the guns, and 
cut the metal very deep; as appears from the reports made 
by the officers of artillery, appointed to examine them be- 
fore they were recaft. 

Thefe accidents may be accounted for by the geheral cuf- 
tom the nations of Europe had before the middle of the 
prefent century, of leaving it entirely to the founders to mix’ 
the metals; they, not awate of the neceffity of having a certain 
tenacity and hardnefs, proceeded without any regular fyftem: 
whence frequently arofe a remarkable difference in the refift- . 
ance of guns cait by the fame founder. In proving new 
guns, the charges occupied a great length of the bore; at the 
firft round, the powder was equal to } of the weight of the 
fhot; at the fecond to °; andat the third, was cqual to it in 
weight : fo that if the metal were not of fufficient hardnefs, 
an orbicular cavity was formed at the pefition of the wad 
between the powder and thot, without the Jeaft attention 
being paid to it: lefs charges being afterwards ufed on fer- 
vice, the fhot was placed in this very cavity, which caufed it 
to take an oblique dire@tion, and ftrike againit the fides 
under angles of incidence, fo much the greater as the 
cavity was the deeper; thus by degrees the gun was rendered 
unferviceable. 

43. The refult of experiments made in May 1753, and 
in July 1759, will further thew the inconveniences arifing 
from the formation of orbicular cavities in guns. For the 
firft experiments, three 16 prs. were caft of the common 
mixture (38) at the fame time, and from the fame fur- 
nace, to render the metal homogeneous, and for greater 
accuracy conftructed with the fame proportions; the only 
difference being in the calibre: for the diameter of the fhot 
being divided into 8290 parts, the calibre of the fmalleft gun 
was 8463 of thofe parts, that of the fecond 8505, and oe 
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of the largeft 8580. Shot perfe&tly fpherica] and well po- 
lithed were caft for the occafion; none were ufed that were 
not exaAly 8290 of the fame parts in diameter; the propor- 
tion between the calibre of the gun and the diameter of 
the fhot was in the gun of the finalleft calibre as 31 to 39, 
in that of the mean as 27 to 26, and in thet of the larzeft 
as 22 to 21. They were firft proved as ufual with three 
rounds, charged each time with glb. 14.0z. of powder and 
Jaid at 15°, to fee how the cafting had fucceeded; no 
flaw appeared on examination, ex-ept at the pofition of the 
wad between the powder and fhot, where there was a {mall 
cavity; but its depth was not meafured, as the inftrument 
for that purpofe had not then been invenfed (39). 

In May 1753, thefe guns mounted on thee carriages, 
were placed on horizontal platforms, charged with 64 |b. of 
pov.’ r, and directed towards the butt; fifty rounds were 
fired in the morning in the {pace of four hours, and an equal 
number in the afternoon, in the fametime. The principal 
object being to obferve in what manner the guns were ren- 
dered unferviceable, they were examined at firft after every 
ten rounds ; but fo foon as the leaft flaw was perceptible be- 
tween the muzzle and the part where the fhot was lodged, 
they were examined after every round. The gun of the 
medium calibre became firft unferviceable; fome little cavi- 
ties were formed betacen the 4c'* and 5ct* rounds: thefe 
increafing in number and fize, we obferved between the 
1rct® and rast rounds feveral fiffures; the muzzle alfo 
began to lofe its fhape, the number and depth of the cavities 
increafed from the 126" to the 137"; and at the 13g" round 
the fhot broke to pieces ; the firing was then difcontinued, ag 
the muzzle would probably have dropped at the next round. 

The next gyn damaged was that of the fmalleft calibre ; 
fome {mall cavities were perceived in the bore of this piece, be- 
tween the so and 6c'* rounds, and feveral furrows between 
. the 110% and 470%; at the 208" and 274 the furrows were 
much deeper, and the metal was cracked in feveral parts 
entirely through ; thefe fiffures increafing between the 220% 
and 230°" rounds, the gun became unferviceable at the 233", 
when the fhot came out in pieces. 

In the gun of the largeft calibre, fome cavities appeared 
between the 30% and 4ct® rounds, and fome furrows at the — 
130", which enlarged at the 219° and 23¢'*, with feveral 
filfures that penetrated to the exterior furface at the 240% 
sound ; and as they were ftill increafing, it was judged un- 
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neceflary to fire this gun any more, though it was not entirely 
unferviceable, 
44. Other experiments were made in July 1759, with 
the three 16 pounders, already defcribed (38) charged with 
8ilb. of powder. After the formation of the orbicu- 
lar cavity, fome rounds were fired with 63 lb. of powder, 
the fhot with this charge lodging in the cavity ; the gun caft 
from T being lefs hard than the other two, and the cavity 
deeper, it became unferviceable at the 14'* round from the 
furrows and bulging in the fides: the gun caft from R 
being a little harder, and the cavity not fo deep, became 
unferviccable at 31 rounds; the third gun being of the hard- 
eft metal, was not, unferviceable after 146 rounds, though 
it bore evident marks of the impreffion of the fhot. 
45--The experiments with the Sarcophagus (36) prove 
that when no cavity is formed in the bore, the thot do not 
ftrike againft the: fides, but quit the gun in the direQion of 
its axis. The fame bas been obferved of all the guns thar 
from 1760 to the prefent time have been caft from the new 
mixture, and ufed at the Pradtice Battery for the inftruion 
of the artillery-men. 
46. To demonftrate thay fimilar advantages accrue from 
increafing the quantity of tin in the common mixture, 
to render it of a harder quality than thofe before de- 
“feribed (43, 44) here follows the refult of firings from 
four 16 prs. caft‘in the royal arfenal in 1748; they had 
been proved as ufual; each having been fired three times at 
the elevation of 224°, with powder equal to 3 of the weight 
of the fhot a: the firft round, 3 at the fecond, and a charge 
equal to it in weight at the third. After the proof, the 
bores of the four guns were perfectly fmooth and without 
the leaft flaw. ‘They were then filled with water, and three 
out of the four having ftood this new proof, were received 
and natned Argos, Heétor and Epirus: they were ufed 
feveral years at the battery, and gave excellent practice; 
for after having been fired more than 1ooo times, their 
bores were as {mooth as at firft: the windage of the fhot 
was fome years in the ratio of 20 to 21, and in others of 
22 to 23. The fourth gun was rejected becaufe fome drops 
of water oozed through under the left trunnion; a {mall 
chamber was afterwards made at the bottom of the bore of 
this gun, and the firft vent being (topped, another was drilled 
correfponding to the top of the chamber; it was in 1749 
fired 
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fired 256 times in three days from a horizontal platform ; 
the charve was each time 4} Ib. of war powder put into flan- 
nel cartridges; two gunners gave five. ftrokes to the wad 
over the powder, and three to that over the fhot; the 
windage of the fhot was as 16 to 17, the bore having been 
made unneceffar:l wide. The fhor were projected in a good 
direction, and no alteration was vifible in the bore, or at the 
part where the water had oozed through. 

47. To thefe feveral experiments may be fubjoined a 
particuler obfervation made in 1737, on -the oceafion of an 
order given by the Kina, to carry on practice in all the gar- 
_ Yifons. Inthe Crry of VaLentia, they made choice of. 
along 6 pr. which had been caft at Pavia in the pre-. 
ceding century wita the arms of Spain and bouched, a 
proof of its having been frequently fired ; the bore was per- 
feStly ftraisht and fmooth, except fome inequalities at rhe 
bottom, whicn did not however hold the teeth of the. 
fearcher. This gun was each time loaded with 14. 1b, of pow- 
der with the ladle, and twenty-four rounds fired daily in 3£- 
hours from a horizontal platform ; 60 fhot larger than ordi- 
nary were picked out equal in weight and diameter and fuffi- 
ciently fmooth ; they ferved during the whole fummer, bei 
dug out of the butt which was in the plane of the battery : the. 
windage of the fhot was as 35 to 36; the wads were of 
twifted hay and rammed as ufual. At the clofe of the prac- 
tice for the feafon, the gun was carefully examined and.. 
found after 630 rounds not to have fuftained the leaft injury ; 
the practice had been very good, fince at the diftance of 300 
yards, a fourth at leait of the fhot had ftruck a target 3 feet 
yn diameter, and the reft gone very near.to it. 

48. From thefe premiles may be inferred the neceffity of 
making gun-metal fo hard and tenacious,-that on combining 
thefe two phyfical qualities with the thickneffes of metal, artil- 
lery may be fufficiently ftrong, light and manageable (32), 
and that by judicioufly ufing moderate charges, the advan- 
tages of firing with exactnefs and execution, and of preferv~ 
ing the guns already infifted on in the Treatife on Powder, 
gay be fully obtained, 
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Or Tux GAvéES oF SHOT STRIKING AGAINST THE 
Ke Borges or Guns. 


Bt 


45° \ y HEN the metal is fo hard as even to prevent 
the formation of orbicular cavities in the bore, the thot may 
firike againft the fides of a gun that is improperly conftru@ed 
or ferved, In the preceding experiments the trunnions were 
. properly placed, the bore exactly cylindrical, the wheels of 
-” the carriage of equa] height and moved on an even platform, 
and the thot had been carefully felected: but if the bore be 
not perfeGly ftraight, or the motion of the gun be the leaft 
irregular while the thot is pafling through it, or the thot be 
not {pherical, it muft ftrike the fides whenever the wads do not 
clofely confine it; and, of courfe, produce a cavity deep in 
proportion to the hardnefs of the metal, the actual velocity of 
the fhot at the inftant of percuffion, and the angle of ind- 
dence under which it ftrikes. 

50. That the fhot in paffing along the gua may be clofely 
confined by the wads may be inferred from the following 
obfervation. 
1. The three guns (43) had defects fufficient to 
occafion every fhot to ftrise againft the fides, but this 
feldom happened during the firit hundred rounds ; and 
though at length the bore was fo much damaged as to 
produce a violent fhock at cach difcharge, yet there was 
No new appearance for feveral rounds. 

2- In other experiments the fhot being rough, in 
a fingle round cut the bore in a right line for a confide- 
rable Jength ; an effect not eafily to be accounted for, 
unlefs we fuppofe the fhot to be fo clofely confined by 
the wads, that it could neither roll nor change its di- 
rection. As the wads were of twifted hay, it follows 
that if they were always made of a foft, in preference 
to a hard fubftance, they might fometimes prevent the 
fhot from damaging the bore, if its tendency to ftrike 
againft the fides be occafioned by the obliquity of its 
direction, 
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51. The fhot (43) were fometimes unconfined, and caufed 
in a fingle round cavities and other flaws, deep in proportion 
to their obliquity: this occurs when no wad is ufed, as in 
firing with red-hot fhot, a richochet orin very quick firing 
in the field. . 

52. Guns are caft either folid or with a ‘core; which 
is of a cylindric form. A bar- of iron, fupported by two 
uprights, placed at proper diftances from cach other, is 
covered with well tempered clay; and when équal in dia- 
meter to the gun intended to be caft, is heated: it fre~~ 
quently happens that the work-men. by making the heat 
too violent bend the bar in the middle, particularly whea 
it is made thin as for 4, 8 and 16 prs. In cafting guns 
with a core thus bent, the bore muft be crooked; which 
defe& it is afterwards impoffible to remedy with the bering 
machine, without enlarging it beyond the ‘proper calibre. 
The officers of artillery having in 1759-examined forty-fix. 
8 and 16 prs. caft with a core, found twenty-two of 
them bent at the diftance of 12 to 13 diameters from the 
muzzle; the curvatures being in fome 4’, of an inch, and 
in others 3. By cafting gums folid and boring them after~ 
wards, thefe inconveniences are avoided, and the bores are 
perfectly cylindric and concentric, if the machine has been 
accurately conftructed. 

53- One of the greateft defects incident to a gun is, 
when the trunnions are placed too near to the centre of gravity. 
In guns of this confiruétion, the breech has a tendency to fly 
upwards, which renders the firing irregular and fhortens the 
range, as the fhot often ftrikes againft the upper part of the 
bore, the movement of the breech is more violent when 
the coins are made of elaftic wood. There are other irre- 
gularjties of movement even in guns conftructed on the beg 
principles, owing to the unequal height of the wheels of the 
carriages or the unevennefs of the ground or platform. 

54- Shot which are rough or not fpherical, or that have 
excentric cavities are unfit for fervice. Irregularity of figure 
or unevennefs of furface are fufficient to change the direGtion 
of a fhot, as daily experience teftifies; the obfervations 
already made on moving bodies will explain why internal 
cavities not concentric with the fhot, mutt produce fimilar 
effe&s. If the fhot encounter and pafs over any {mall extra- 
neous body in its paffage along the plane of the gun, its pri- 

mary 
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mary diredtion will be altered, and it will purfue a frefh one 
communicated to it by the fhock againft the fide of the gun, 


CHAP. IV. 


Or tHe Winnace or SHor. 


Se Tu E hardnefs of bronze and iron, and the great’ 
difheulty of making cannon fhot perfectly fmooth and fphe- 
rical render it almoft impoffible that iron fhot fhould be made 
to fit a gun, with as much juftnefs and precifion as leaden 
bullets fit carabines: it is neceffary therefore to allow what 
is called windage ; and for that purpofe to make the calibre 
of the gun greater than the diameter of the correfponding 
thot : the proportion between them mutt be fuch as to allow 
for any little unevennefs in the bore of the gun, or on the 
furface of the fhot, and to admit of its being drawn out by 
the ladle, or other means, if by accident any extraneous body 
be lodged in the gun. 

56. If fired powder followed a conftant law, the windage 
could be reduced to a fixed rule (55), fo as to guard againtft 
all contingencies; but as this law is fubject to great varie- 
ties, it is neceflary to examine how far the increafe or decreafe 
of windage contributes to the more fudden explofion of the 
powder. Among the many experiments made in the Treatife 
on Powder, to demonftrate the exiftence of thefe modifica- 
cations, there is one (111) which fhews how much the 
force of powder in mufquets is affected by the fize of the 
vent; the following experiment proves that its inflammation 
and effects are alfo modified by the windage of the fhot. 

57- In the month of July 1759, the COMMANDER DE 
VincentTI, colonel of artillery, made the following experi- 
ments with two 16 prs. of the fame weight and length, 
but of different calibres: the calibre of A was divided into 
813 parts, and that of B into 81g of the fame parts ; the guns 
were fired horizontally mounted on their carriages upon plat- 
forms perfectly horizontal. The fhot were of two kinds, 
and grazed on an even piece of ground about 5 feet below 
the axis of the gun; the fhot of the firft kind had the dia- 
meter=C divided into 784 of the above mentioned parts, 
and weighed 5 1b. more than the proper weight; the diameter 
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aI) of the fecond weighing { more, was divided into 774 
of the fame parts. Common grained powder was ufed; the 
charge was 4 lb. 20z. put into flannel cartridges in order to 
collet, it exactly in the fame manner at each difcharge: the 
wads Were of junk; two gunners gave three ftrokes with 
a rammer to the one over the powder, and two to that over 
the thot: the following table thews the refult ; 


Length of Range. 
Of the Of the © 
GunA. Gun B. 
No. of Reunds, Tarde. Yards. 
I #188 249 
2 198 #1974 
: = 3 1968 224F 
With Shot of Diameter =C v4 198k 246 
5 *2245 2485 
6 197 #213 
I ett 9199 
. ? = 2 193 213 
With Shot of Diameter=D } 3 2262 1992 
4 223 199 


After the firings, the bores were as fmooth as before the 
experiment, fo that the ranges had not been affected by the 
fhot ftriking againft the fides. 

58. On comparing the calibres of the guns and the dia- 
meters of the fhot, the following are in round numbers the 
proportions of the windage ;. 


With thot of the firft kind, With fhot of the fecond kind. 
A:C:: 28:27 A:D::20: 19 
B:C:: 23:22 B:D::18:17 


On placing according to thefe proportions the num- 
ber of rounds in two diftin@ columns ; comprehending in 
the one the irregular firings marked with an afterifk in the 
preceding table, but excluding them entirely from the other ; 
we obtain the following medium ; 
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rft. Col. inclu- tad. Col. exefudihg 
Proportion of dingtheirre- , the  irtegular 


windagze. gular firings. firings. 

e Yard: Yards, 
28 : 27 200 197 
23: 22 233 —« 247 

zo : «49 216 224 
wo: 17 203 199 


From this table of comparifons it may be inferred ; 


1. That when thefe guns are fired as above (57) the 
fhot has the greateft velocity when the windage isin 
the ratio ‘of 23: 22. 

2. That this proportion is the beft, fince not only 
the initial velocity is the greateft, but the percuffion of 
the fhot againft the fides of the gun is avoided. 

. That any deviation from this proportion dimi- 
nifhes the mitial velocity. 

59- On applying thefe proportions (58) toa fixed dia- 
meter, as to that, for inftance, eftablifhed for 16 prs. fup- 
pofing the calibre of the guns be to the diameter of the fhot, 
as 23 to 22, it would be found : 

y. That on firing from thefe guns fhot of a lefs 
diameter, viz. thofe of 15% prs. the initial velocity 
would be diminifhed by +,. 

2. That with thot of 15 prs. it would be diminifhed 
nearly 3. 

3. That with fhot of a larger diameter, viz. of 16% 
prs. the lofs of velocity would be about 4. 

60. By order of the King an invariable rule is laid down 
for all natures of artillery and fhot ; their calibre is pre- 
cifely determined, and directions given for afcertaining whe- 
: ther new fhot and guns have been caft agreeably to the. pro- 
portion therein eftablifhed ; to avoid as much as poffible the 
inconveniencies refulting on fervite from want of accuracy in 
this particular, There was formerly much confufion on 
this fubje&t; efpecially when the guns were nearly of the 
fame calibre, as 15, 16 and 17 prs. but to taxe away all 
poffibility of miftake in future, the calibres of our guns were 
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fixed in 1726, at 92, 16, 8 and 4 pounders. Notwithftand- 
mg every precaution be taken to obferve the order in its full 
force, thot are fometimes reccived which differ in diameter © 
from the eftablifged ftandard (59). Shot of this kind may 
be ufed when ee not neceflary to proje&t them with the 
greateft initial vefocity ; as, for inftance, when the befieged 
fire againft the firft works thrown up by the befiegers, or to 
difmount their artillery; and in richochet firing, or with 
hot fhot. ; 

When there is a number of fhot of different diameters, 
they thould be put into feparate piles; as by ufing them in- 
difcriminately, it will be impoffible to fire with precifion or 
effect. 

61. We learn from the hiftory of artillery, that it has 
frequently been a fubje& of difcuffion among profeffional 
mien, what is the proper degree of windage for preventing 
the foot from firiking againft the fides of the guns, which is 
attributed to the want of a juft proportion between the cali-~ 
bres of the guns, and the diameters of the fhot; and after 
long confideration, fome concluded that it was owing to the 
allowance of windage being too great ; others to its being 
too little. 

The erroneous idea, that fired powder converted itfelf into 
rays of fire, which in their movement followed the law of 
folar rays, made them imagine in the laft century that the 
figure of burning glaffes was, the beft for the chambers of 
mortars. The fame opinion led them to believe, that thot 
were impelled by the action of the rays if an oblique direc~ 
tion, if the vents were placed on the upper part of the cylin- 
der, and to obviate this, they made fmall chambers at the 
bottom of.the bore: but experience has proved, that the 
pescuffion of the thot againit the fides of the gun, is owing 
neither to the windage nor to the fituation of the vent; fince 
in guns of the fame calibre and with equal windage, fome 
have fuftained no injury from repeated firings, while others 
have been unferviceable in a few rounds. 

62. The only property of windage is to facilitate the move- 
ment of a body lodged in a gun, in whatever direétion it be 
impelled. The experiments (45, 46, 47) prove that without 
any regard to the proportion of windage, no damage enfues 
to the bore of the gun, nor is the fhot thrown with iefs juft- 
nets if the metal be fufficiently hard, if there be no irregu- 
Jarity of motion at the difcharge, inaccuracy in the bore of 
the gun, nor defect in the thot. It refults alfo (42, 43, 44) 

that 
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that if the gun have any of the defects mentioned in the pré2 
ceding chapter, the thot will ftrike againft it, whatever be 
the windage ; but with this difference, that if the fhot begin 
to move in an oblique dire€tion, the lefs the windage and 
the longer the bore, the more frequent will be the thocks; 
this is too evident to need illuftration. 

63. Our theory of the inflammation and explofion of 
sowier deftroys every idea of rays of fire (61), and proves 
that the greateft force obtained from equal quantities of pow- 
der burned in veffels of different figures is in that where all 
the powder is collected the neareft to the vent, by which 
means a greater number of grains are fired; or where the fire of 
the firft-generated fluid is reflected which increafes the inten- 
fity of the heat, and produces more fluid in a given time ; or, 
ceteris paribus from a proper combination of thefe two cir- 
cumftances : hence, curvilinear chambers in mortars, par- 
ticularly fpherical ones, caufing a quicker ignition, fought to 
give longer ranges than cylindric chambers. To prove bya 
fimple experiment that the pro which burning mirrors 
have from their figure of concentrating the folar rays, has no 
effect in increafing the force of powder fired in a veffel of a 
fimilar figure; two 16 prs. were conftructed on purpofe 
at Turin in 1730. (PI. 1, Fig. 3) A parabolic chamber 
CAD was made at the bottom C D of the bore FC DG 
of one of thefe guns, the axis of the parabola was in the 
triplicate ratio of the calibre of the gun, the vent corre- 
fponding to its focus: the other gun was of the fame weight 
and length, its bore cylindric as F K LG, with the vent . 
placed at the bottom. Thefe two guns were charged with 
equal quantities of powder, which exactly filled the parabolic 
chamber and were laid at 3° cf elevation; the gun with the 
cylindric chamber ranged 414 yards farther than that with 
the parabolic chamber. 
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eo 
CHAP. V. 


Or tHe Figure aND LENGTH OF THE Borgs oF | 
Guns. 


64. Ou R anceftors withing to derive every poffible ad- 
vantage from the ufe of artillery, fixed certain dimenfions for 
the conftru@tion of their guns, and eftablifhed rules for their 
weights and calibres; which gave rife to the cuttom among 
the Iratrans of diftinguifhing guns equal in length of bore 
and calibre, but differing in weight, into heavy and medium 
artillery. 


Wercnats or Gung. 


Nature of Guns, Heavy Guns. Medium Guns. 
Pr. ewt, grr tbs, cwt, grt. dbs. 

32 65 3 16 54 3~«COB 

16 37. 2 2 32,00 3 

8 29 Oo 15 7 I 15 

4 10 3 26 9 o 19 


The heavy artillery is intended for operations that threaten 
to be of long duration, as the fieges of fortified towns well 
provided with troops and ftores. 

The medium artillery is deftined to march with armies, 
and be ufed in affairs that muft foon be terminated; as gene- 
ral or partial engagements, attacks of pofts or intrenchments, 
affaults of towns, houfes or villages. 

65. The ordinary figure of the bores of guns is cylindric; 
the length contributes to a certain point to increafé the initial 
velocity of the fhot, and give longer and ju‘ler ranges. 
(Treatife on Powder). The length of the battering guns 
now in ufe, is not fufficient to project the fhot with the greateft 
initial velocity; but if they were made longer and la:zer 
charges ufed, they would become extremely unwieldy : 
moreover, experience has proved that thefe very Jong guns 
do not throw their fhot with juftnefs ; and the fhocks againft 
their fides, particularly near the muzzle, are more frequent 
and violent when charged with modern powder, which is 

I confiderably 
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confiderably ftronger than that ufed formerly: the charges 
then being neceffarily larger, occupied a greater fpace in the 
length of the bore Cannon not to be injured by long firing, 
and to project their fhot with juftnefs (g}, fhould be fhorter 
than the guns anciently were: but exce/s on this fide is to be 
equally guarded againft, as on the other; for fhort guns of 
large calibre foon damage the embrazures ; the initial velocity 
of the thot, the length of range, and effects on the object 
are diminifhed ; and there is more probability of error in 
pointing fhort guns than long ones. 

66. After the various opinions that have at different times 
been fuggefted on the proper length of guns, intended to 
fire through embrazures, all nations feem to have adopted 
with little variation the following proportion : 


Nature of Guns. ' Length of Bore. 
Pr, Feet. Inchen 
32 _ 10° 00 
16 _ 9 6 
8 _ 8 6 
4 i 6 9 


This is the common length: when longer they are termed 
long, and when fhorter, short guns. (Pl. 1, Fig. 2.) Set off 
on the line B F of a gun of any calibre three diameters of 
the bore, for the charging cylinder; divide the remainder C 
F into four equal parts at H, G, K, and make FL=FK: 
BL may be then confidered as the greateft length that guns 
fhould be ever made of, to avoid the inconveniences pointed 
out in the preceding paragraph: and if from BI, KF be 
taken, the remainder Bk is the leaft length for guns with 
cylindric bores, 

67. When 32, 16, 8 and 4 prs. (66) are loaded with 
the ufual fervice charges of powder and rammed with equal 
force, the initial velocitics will in fhort ranges increafe 
in proportion as the calibres diminifh; but in long ranges, 
the fhot from t..c refiftance of the air will be projected farther 
from guns of large than of finall calibre, in proportion to 
the diftance; as appears by the following experiments. The 
guns were loaded as above directed, and the fhot feverally 
tell on three fpots below the plane of the battery, 
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NuMmser or YARDS BELOW THE PLANE OF THE 


Battery. 
if. ad. 34. 
t Yard. go Yarde. 190 Yards, 
Nature of Guns. Length of Ranges. 
Pr. : 
32 219 1045 2023 
16 229 1056 1961 
8 233 1050 1835 
4 238 1003 1703 


From the experiments made in the Treatife on Powder, 
(101) and others related by fome Frencn Authors to have 
been made at Dunkirk; it refults that guns of the large? 
calibre give the longeft ranges. The experiments at Dun- 
KIRK were carricd on with 24, 16, 12, B and 4 prs. 
French guns laid at 45° of elevation; the charges of powder 
were equal to } of the weight of the fhot; and the length 
of the guns was 11 feet. 


Nature of French Guns. Length of Range. 
Pr. Yards. 
24 _ = 4817 
16 = = 4324 
12 — _ 4002 
8 = = 3552 
4 =< vous 3254 


68. Hence it may be inferred that common guns of large 
ealibre will range farther than long guns of {mall calibre; 
the latter are principally ufefull againft objects not too diftant 
or folid: of this kind are long 8 and 4 prs. which are 
placed to great advantage in fortreffes fituated on plains or 
gentle eminences, to keep the enemy in refpe& and com- 
mand the environs of the place; as | Siase men are required — 
to work them, and much ammunition is faved. 

. 69. Long guns of large calibre fhould only be ufed in cafes 
of neceflity ; fome 32 prs. for inftance, may be placed in 
works fituated on mountains to moleft the befiegers, when 
they can form their magazines and park of artillery out of 
the reach of {maller es oe ia maritime towns to Kee 

2 the 


432 OF GUN-METAL. 


the enemy’s veffels at a diftance. Formerly inftead of long 
guns, they ufed guns of the common length with fpherical 
chambers at the bottom of the bore, larger in diameter than 
the calibre of the gun; they fometimes ranged farther than 
long guns; but thefe chambers fhould be reprobated on every 
other occafion, from the great difficulty of loading them: 
they muft be very ftrongly reinforced, the trunnions placed®— 
in fuch a manner as to prevent any irregular movement at 
the difcharge, and the carriages made to admit a higher ele-— 
vation than thofe of the corhmon conftruction. : 

70. Short guns of large calibre and cylindric bore may be= 
planted on works, where it is neceffary to have guns, but— 
not room fufficient for the recoil and management of longe=— 
guns: but as they are deftructive to the embrazures, howit— 
‘zers or carronades are preferable to them, if from the point 
where they are placed, it is only intended to fire cafe thot, 
for they do not damage the embrazures fo much as fhort 
guns ; their charges being lefs in proportion to their calibre, 
and the diameter of the chamber lefs than the diameter of 
the bore. : : 

71. An army deftined to a& in a champaign country 
fhould have a train of artillery (64) compofed of medium 8 
and 16 pounders. In cafe it may be neceflary during the 
campaign to occupy a poft or attack a town furrounded with 
occafional works or fingie walls, fome guns of large calibre 
fhould be depofited in a fecure place within reach of the 
army. The trunnions of medium guns fhould be placed 
nearer the muzzle, which would render them firmer on 
their carriages and more regular in their movements. 

72. When the fcene of aStion lies in a mountainous 
country, where from the badnefs of the roads the tranfport 
of carriages: is almoft impracticable ; a few pieces of iron 
ordnance may be placed in the pofts of the greateft import- 
ance; and the train of artillery left in the rear, till locat 
circumitances or the future operstions of the campaign make 
it neceflary to bring it up. Should there be a neceffity of 
having fome fhort guns (66) for opening a paflage through 
defiles, &c. the diameter of the chamber fhould never exceed. 
the calibre of the gun, as they are very uncertain in their effects, 

In the laft century very fhort and light guns of different 
natures and lefs in calibre than 4 prs. were invented for 
accompanying troops through rough and difficult coun- 
trieg; but experience has {hewn that they do not produce the 

. advantages 
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‘advantages their projectors promifed ; and that, independent 
of a heavy and ufelefs expence, they caufe much embuarraf- 
ment in the difpofition and movements of an army. 

73. Guns caft of iron of a very tenacious quality may be’ 
ufed in places of {mall importance, field works and thofe 

. parts of permanent fortifications that cannot from their fitu- 
ation be obliged to maintain a very long cannonade: they 
are generally two diameters (horter than brafs guns of the 
‘fame calibre, it having been found by experience that when 
very lang the muzzle is foon injured; wherefore there are no 
long guns of iron. Iron guns for fhips of war are made 
nearly of the length of fhort brafs guns (66), for the facility 
cf loading them within the port-holes to fhelter the feamen 
from the enemy’s mufquetry ; for though their initial velocity 
be lefs, that is looked upon as a matter of no great moment, 
fince fhips can approach near enough to each other to make 
the thot penetrate the fides. 

74. In determining the length of the barrels of mufquets, 
it was not confidered which would impel the bullet with the 
greateft initial velocity, but which was beft adapted to the 
different methods of fighting: for mufquets that are too long 
or too fhort are equally inconvenient, and the foldier fhould 
ever be affured of the goodnefs and effec? of bis fire-arm (7). 
Dragoons being deftined to act occafionally, either as infantry 
or cavalry, are armed nearly in the fame manner as infantry; 
while that the carabine and piftol of the horfe being of no 
fervice on a charge, but only on detachments or fkirmifhes, 
the facility and eafe of managing them on horfeback are 
chiefly attended to. ; 
~ gg. Mortars in the firft year that fucceeded to their inven- 
tion, were conftructed of different calibres, figures, and di- 
menfions, according to the various fervices for which they 
were defigned: the hore of the large(t was 20 inches in dia- 
meter, that of the fmalleft 54 inches ; the latter were called 
royal mortars. The largeft mortars at prefent do not exceed 

“4g inches; thofe of 13 inches are moft commonly ufed. 
“76. From ‘the interior figure of mortars, the elaftic fluid 
generated in the chamber is dilated on paffing into the chafe> 
its preffure againft the thell is (till fufficient to give it a proper 
velocity, unlefs the charge be too {mall ; as is feen in carro=. 
nades_ and howitzers, which in refpe<t to their interior Agure 
may be compared to mortars with cylindric chamber:. The 
igreguiarities of ranges of mortars fired under a larger angle 

P i 13 than, 
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than 15° may be owing to the bombardiers that load the 
mortar; or to the recoil not being in the direction of the 
range: the too great length of the chafe is the caufe of both 
thete circumftances ; for before the fhell can quit the mortar, 
it has recoiled a fpace equal to half the difference between the 
diameters of the mortar and of the hell; the direCtion of the 
latter is then altered by ftrikingagainft the mortar, which 
is frequently much damaged. 

77- The chafe thould be fo fhort that. the bombardier 
may eafily adjuft the powder and the fhell; and that the hell 
in quitting the mortar may not be able to {trike againtt it, 
and alter its-recoil. The chafe of the largeft mortars fhould 
be a diameter and half of the bore in length, which would 
greatly facilitate the loading : upon this principle the chafe of 
{mall mortars might be longer: but as the ftriking of the 
fhell ayainft the mortar depends on the difference between 
their diameters, the length of the chafe muft in all mortars 
be proportionate to the diameter of the bore, the proper 
degree of windage having been previoully determined. 

78. From the molt accurate experiments that have been 
hitherto made, it appears that mortars will be of the beft 
proportion, when the length of the chafe does not exceed a 
diameter and half of the bore, and when the windage is 
23:22. Ifthe windage be leffened, the chafe muft alfo be 
fhortened, as in mortars ufed in proving powder; where 
very little windage being allowed, the length of the chafe is 
only a diameter and a quarter of the bore. 

79. The beft length of the chafe in mortars, for facili- 
tating the operations of the bombardiers and preventing the 
fhock of the fhell, and the obliquity of the recoil being 
determined ; it is neceflary to have recourfe to expedients 
to give the greateft initial velocity to the fhells, which is 
often required on fervice without lengthening the chafe: this 
is effected: 

1. By conftructing the chamber of fuch a figure that 
the pawder being collected clofe to the vent, more of 
the fluid ma. be generated in equal times: the fpherical 
figure is the beft for anfwering this purpofe, as has been 
explained in the Treatife on Powder. 

2. By oppofing a great refiftance to the explofion of 
the powder, without increafing the weight of the fhell, 
by which means more of the elaftic fluid will be gene- 
rated before it is in motion; this refiftance may be aug- 
mented by placing a tompion of wood over the carth 

— thas 
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that is rammed upon the powder, and by preffing earth 
clofe round the tompion and the fhell; the iniua: vg- 
locity will be thus increafed. 

3. By increafing the fize of the chamber, 

80. Stone mortars are ufed for throwing troops, work- 
men, &c. at fieges into confufion: the chamber is in form 
of atroncated cane, whofe leaft bafe is towards the vent; 
they are fired with fmall quantities of powder, as with large 
charges the ftones would {pread fo much that few or none 
would have effect. ‘heir diameter thould not be lefs than 
1g§ inches, nor the chafe lefs than a diameter and a halt iq 
length, that it may contain a fufficient quantity of ftones : 
by increafing the diameter and length of the chafe, they 
would contain more ftones, and confequenily be more de- 
ftructive; but then from their weight they would be very dif- 
ficult to tranfport. 


‘ 


CHAP. VI. 


Or tHe Tuickness of Mera in Frre-armgs. 


81. Tuere are two extremes to be equally avoided 
in determining the thickneffes of metal in fire-arms , the one 
is, making them tvo thin and light ; the other, too (trong 
and heavy : the danger arifing from the firft is too abvious ta 
need infifting on; the fecond is com: nized within certain 
limits. The metal proportionally diftributed throughout the 
whole length of the piece, ought to be capable of relifting the 
forces which at each point tend to bur‘! it; and of fuch a 
weight as to prevent any irregularity in the motion ot the 
fhot, that would materially arfe:t the juttnefs of the ting 
(9): we will endeavour to alcertain thefe limits. 

82. No abfolute and general rule can he laid q>wn for the 
thicknefs of metal in guns, fince feveral phyfical points are 
involved in the problem. In a gun of a given calibre, the 
thicknefles proper to refit the preflure of the fluid, may be 
known by firing it very ttron ly reintorced feveral times with 
the fame charge ; then thinning the metal and firing it again, 
with the fame charge ; and thus fucceffively diminifhing tha 
thicknefles, till they he fo reduced tha: the siece burft at once 
in every point of itz length, Such experiments cannat ba 

4 4 conclufiv, 
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conclufive in all cafes, though made with the utmoft accuracy; 
as there may be defeés in the mafs of metal, for which 
allowance cannot be made. To avoid fuch a tedious procefs, 
the f{cale of preffures of the fluid againft the fhot may be= 
conftructed; this method of refolving the problem is the moft® 
eafy and fimple: but the greater the diftance of the poinmm 
where the thicknefs of metal is determined from the place= 
where the fhot is lodged in the gun, the lefs exact will be the= 
folution. . 

, 83. Te enable guns to refift the preffure of the fluid, the= 
thickneffes of metal muft be determined from the fcale o& 
preffures. With refpect to heavy artillery (64) feveralyounds= 
fhould be fired from three or four guns, differing in length 
but of the fame calibre as the guns whofe thickneffes are 
fought, with the Jarger fervice charges; the wads rammed 
down with more force than with the medium charge; and 
the initial velecity of each fhot meafured. (Treatife on Pow- 
der.) To conftru& a fcale for eftimating the proper thick- 
neffes of medium artillery (71), the ‘largeft charges fhould 
be ufed that the guns will bear, and the wads rammed with 
the fame force as the wads of guns more reinforced and loaded 
with te common charge: it is effential to obferve this, as 
from the different refiftance of the wads, a confiderable diffe- 
rence arifes in the ordinate that expreffes the greateft preffure 
‘of the elaltic fluid, and fucceffively in the other ordinates ; as 
may be inferred from the fourth chapter of the Treatife on 
Powder, where the modifications of the elaftic fluid in the 
cylindric bores of guns are confidered. The initial veloci- 
ties of the thot being meafured, and a line drawn to exprefs 
the fcale of velocities in certain fpaces, the fcale of corre- 
fponding preffures may be found from this line by the me- 
thod direéted in the treatife on moving bodies. It fhould be 
remarked that the velocities of fhot from guns of large calibre 
fired with large charges, are produced by the preffure and 
impulfion of the elaftic fluid, which, generated at the bot- 
tom of the bore, acts with fuch force on the fhot (37) as to 
communicate to it a conftant velocity, which the fecond wad 
however ftrongly it may be rammed cannot deftroy. The 
{cale fhould then be parallel to the axis of the gun; and its 
diftance from it equal to a right line drawn perpendicularly 

. to the-axis, expreffing the conftant velocity produced by the 
impulfion of the fluid, 

3 84. This 
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84. This being premifed; let a gun (Pl. 1, Fig. 4) 
ABCD be caft of the fame metal, calibre, and length as 
thofe of which the thickneffes are fought, and its dimenfions 
_ determined by a right line C D drawn obliquely to A B, fo 
that the thicknefs A C of the breech may refift the preffure 
of the fluid; the thicknefs B D at the muzzle will be much 
lefs. Suppofe this gun (83) burft at the firft round in any 
point between A and B, as at G; fhould it burft in feveral 
places at once, moft attention fhould be paid to the opening 
next the breech. Let FG where the metal yields to the 
preffure of the fluid be thickened in the proportion of the 
tenacity of the bronze, heated by firing as much as it can be 
on fervice (35) to its tenacity when cold, and call it = m; 
then m expreffes the proper thicknefs of metal at the point 
G of the length AB. It is effential to remark, that the 
fraéture in G was occafioned folely by the preffure of the 
fluid, and not by the percuffion of the fhot againft the fides 
of the gun, nor by any defect in the metal; as may be 
known by examination. 

85. Let HE reprefent the bore of a gun, whofe thick- 
neffles of metal are fought; (PI. 2,. Fig. 5) draw the fcale 
LOQR (83) of the preffures of the fluid deduced 
from the rectangular ordinates; make E P equal A’G (PI. 3, 
Fig. 4) and P T equal to m; then if OP be the greateft 
ordinate of the feale LO QR, from the point T draw T Y 
parallel to PE for the thicknefs of metal from P to E; in 
order to find them from P to H make the following propor 
tions; PO: NQ::PT:NV, and PO:HR::PT:HX, 
draw a line through the points T V X; then Y TVX will 
be the fcale of thickneffes fought. But if K L be the greateft 
ordinate, find K § a fourth proportional to PO, T P, KL; 
and from the point S draw S Z parallel to K E, in order ta 
have the thickneffes from K to E; then ZS T V X will be 
the fcale of thickneffes in the whole length E H of the gun. 

86. To apply this theory to a particular cafe; (PL 2, 
Fig. 5) let a 32 pr. be charged with 13 lb. 2 oz. of 
fine war powder, and the wads rammed fo as not to dimi- 
nith’ the volume of the powder. Let the proportion of tin 
in the gun-metal be % and the gun be fo heated as to fire 
powder ; its greateft thicknefs in a ftate of equilibrium will 
be KS. If the gun be fired under the moft favourable cir- 
cumftances to the inflammation of the powder, that is, »= 
3200 (33) the greateft thicknefs KS ought ta be ;% of the 
: diameter 
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diameter of the bore, and the leaft thicknefs H X between + 
and 3 of KS. If the proportion of tin be 4 the greatelt 
thicknefs K S fhould be 33 of the diameter of the bore and 
HX j or j of $$. 

87. the following confequence may be drawn from a con~ 
fideration of the theorem 9962 2 r==mq (33): 

1. That in two guns of equal calibie caft from a dif- 
ferent compofition, fired with equal charges of powder, 
and wadded in the fame manner; if r and # be conftant 

uantities, the thicknefles=m at points equally diltant 
rom the bottom of the bore ought to be in the reci- 
procal ratio of the tenacity = g of the different metals. 

2. That in the fame gun on altering the charge, as 
the preffures of the different points will differ from thofe 
produced by the firft charge, the correfponding thick- 
neffes fhould be in the ratio of the fecond preffures. 

3- That in two guns of different calibres, if the 
tenacity =g and the preflure =x in points equally diftant 
from the bottom of the bore, the fame ordinate wilf 
exprefs both; the thicknefles=m of the two guns in 
the fame point will be proportional tq the radii = r and 
thence to their calibres. 

88. If the thickneffes of a gun correfpond with certain 
determined circumftances; (PI. 2, Fig. 6) as for example, 
if ABCD be a 32 pr. of which the thicknefles H H, 
KK, AL are as before expreffed (86) and it be withed to 
determine in a gun D CF G of a different calibre, the cor- 
refponding thicknefles MM, NN, GP, the problem may 
be eafily folved by the conclufions drawn in the laft para- 
graph, without having recourfe to experiment: other pro= 
blems alfo that are connected with the modifications of the 
fluid may be folved by the fame method 

8g. The rules here laid down for d. termining the thicknefles 
of metal in guns of cylindric bores would anfwer for every 
poflible cafe, if the (hot never ftruck the fides: but if ina 
gun thus proportioned, the thot fhould ftrike the fides, the 
metal would yield and the gun burft. Thefe percuffions of 
the fhot produce in brafs guns two different effects: they caufe 
hollows in the infide, which are always perceptible whatever 
be the fize of the gun; but the harder the metal, the lefs 
impreffion the fhot makes: thus they cannot be avoided by 
adding to the thicknefs of metal, but may by increafing its 
hardnefs,; but what is thus gained in hardnefs, is loft in 

tenacity. 
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tenacity. The fecond effe& produced by the fhot is the 
bulging or external {welling of the metal, the cracking 
and confequent ruin of the pieces: this depends on the 
combination of tenacity with the thicknefs of metal; and 
to preventit, the thicknefles muft be augmented. In iron 
guns, when the percuffions of the fhot are very violent, 
the piece burits without any hollow being found in the 
bore, or any {welling on the outfide: wherefore, if the tena- 
city of iron could be fufficiciitly increafed without prejudice 
to its hardnefs, it would be preferable to any other metal. 

go. To determine the thickneffes from the point T, (Pl. 2, 
Fig. 7) where the fhot is lodged, to the muzzle of the gun, 
and prevent the metal fiom bulging; it is neceffary to have 
the fcale T L M of the velocities in the fpaces TP, TC. 
The force with which the fhot firikes the gun in any point 
as in V, is expreffed by the product of the weight of the 
fhot, multiplied by the correfponding velocity PL, and by 
the right fine of the angle of incidence K VA. If thefe 
fhocks proceed from a conftant caufe, viz. an orbicular 
cavity in T, the point that the fhot ftrikes is farther diftant 
from T as the cavity is lefs deep, and the angle of incidence 
KV A becomes lefs. But if the fhocks proceed from any 
adventitious caufe, which alters the direction of the fhot, 
and gives an irregular motion to the gun (53) then the 
angle of incidence may be greater, and the force at the 
different points V will be proportional to the correfponding 
velocity PL. That the thicknefs of a gun may be pro- 
portionate to the greateft fhocks it can receive, experiments 
fhould be made with pieces of metal of the fame quality 
as that of which the gun is caft; and the proper thicknefls 
at the muzzle to prevent its burfting or yielding in any 
manner to the fhot determined. Suppofe this thicknefs = B 
N, thn CM: PL:: BN: VQ; the line HQN will be 
the feale of thickneffes fought, and will cut in the point R 
the feale S F RGD of the refiftance to the preffures of the 
fluid (88, 89): therefore the line SF RQN will determine 
the thicknefies throughout the whole length of the piece, 
capable of refifting the forces that tend to burft it. 

gt. In thus proportioning the thicknefles of metal ta 
the force of the moft violent thocks, the gun would be thicker 
at the muzzle than at the breech, and of courfe extremely 
unweildy. But as thefe direct fhocks can only arife from 
fom¢ very uncommon caule, and the accelerated ce 
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of the fluid againft the fhot, a& in the direétion of the axis; 
the thicknefles determined by the line R QIN, may be much 
diminifhed without any rifque of burfting the gun. The 
following obfervations made on more than roo guns that 
were rendered unferviceable by the fhocks of the the + May 
be adduced in order to afcertain fome limits for this pro- 
portion. Thefe guns in refpeét to thicknefs of metal, were 
of three kinds: the firft were determined by a fcale made 
from the diameter of the bore; the thicknefs at the breach 
was one diameter; at the end of the firft reinforce $3; at 
the beginning of the fecond reinforce }~; at the end of the 
fecond reinforce +3; at the beginning of the chafe +3; and 
‘at the muzzle =. The guns of the fecond kind were in 
the fame proportion, but the fcale formed from the diameter 
of the fhot, fo that they were not fo thick as the firft kind. 
The third kind was as the fecond, proportioned from the 
diameter of the fhot from the breech to the firft reinforce; 
but, at the beginning of the chafe was only 4 of the dia- 
meter, and at the muzzle 4. The leaft thicknefs of the 
{well of metal at the muzzle was, including the ornaments, $ 
of its diameter in the three kinds of guns. It was ob- 
ferved ; t 
: 1. That in the guns of the firft kind, a very violent 
fhock caufed neither crack nor bulge in whatfoever 
part it ftruck: the force and direction of the fhock 
being gathered from the form and depth of the cavity. 

2. That in the guns of the fecond kind, the fhot 
having ftruck violently between the half of the chafe 
and the muzzle, the metal bulged out ; and at the 
fucceeding round, the muzzle dropped. 

3. In the guns of the third kind, bulges and cracks 
were obferved at about } of the length of the chafe; 
and though the exterior of the muzzle did not appear 
the leaft altered; yet, at the next violent fhock it 
dropped. : 

92. From the precoding obfervations (86) it may be 
concluded ; that if the gun from A to (Pl. 3, Fig. 8) 
has its thicknefles AC, GD=++# ot the diameter of the 
bore, and BF =,°,; the right line DF, will exprefs the 
thickneffes neceffary to refift the forces that tend to burft the 
gun, viz. the action of the fluid at N, and every other poite 
of the length of the bore, and the moft violent fhocks from 
the fhot; provided that the fwell of metal ff at the mus 

zig. 
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gle be not lefs than +3, and be for greater fecurity conne&ted 
with the muzzle aftragal, by the convex line HL EK. Gun- 
metal not being fufficiently hard to prevent the fhot from 
making impreffion when they {trike with great force againft 
any part of the chafe, it would be better, as a means of 
obviating this inconvenience in fome meafure, if the moulds 
were placed ina different pofition from what they are at 
prefent, with the breech up and the muzzle down, as in 
cafting mortars: by this method the metal at the chafe 
would be denfer than at the breech, and of courfe more 
hard and tenacious. ‘This with proper precautions, may be 
done whether the guns be caft folid or with a core. 

93- Guns conftructed on thefe principles (92) tho’ fuffici- 
ently ftrong are defective in two points: they are too light, 
and confequently their motion being irregular, it is im- 
poffible to fire with juftnefs ; and there is a neceffity for 
placing the trunnions too near the muzzle, that the motion 
of thé bréech may not be fo violent as to render abortive 
every attempt to hit the obje& : from the latter circumftance 
alfo, they cannot enter far erough into the embrazures; 
which are very foon deftroyed by the explofion of the pow- 
der. The beft remedy for thefe defects is to reinforce the 
gun particularly at the breech, according to the proportions 
hid down in the firft book of artillery: it will then be fuffi- 
ciently heavy to prevent any irregularity even with the largeft 
charges; the trunnions may be placed nearer the breech, 
and the muzzle will enter farther into the embrazures. 

94. The dimenfions (7, 8, 9,) for the body of the piece 
being thus determined ; the proper pofition of the trunnions, 
cafcable, bafe-ring and dolphins muft be afcertained. The 
_ trunnions fhould be placed between the-centre of gravity 

and the muzzle, that the gun may be rather heavier at the 

breech, without rendering it difficult for two gunners to raife 
it with their handfpikes, for the purpofe of laying it, and 
that * may enter far oe into the embrazure ; their dia- 
meter is equal to one ¢alibre. The pofition of the dol- 
phins fhould be fuch, that when the gun is fufpended by 
them, the breech may preponderate a little, that by taking 
hold of the cafcable it may be the more eafily managed. It is 
cuftomary to engrave on the upper part of the gun, the 
arms of the king and the mafter general of the ordnance, 
with infcriptions, trophies, &c. which obliges the founders 
to raife the bafe-ring, and the {well of metal at the muzzle 
higher 
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higher than the ornaments, that the vifua] ray may pafs over 
them. If the bafe ring be higher than the fwell of metal 
at the muzzle, the vifual ray will cut at a fmall diftance 
the axis of the gun produced ; this will make it eafy to 
point at diftant objects that are not much elevated above 
the plane of the gun, when there are no higher objects be-~ 
hind them to fix the eye, as often happens in the attack 
of citadels. The junction of the muzzle to the neck, will 
confiderably reinforce the gun at that part. The metal at 
-the bottom of the bore is much thicker than at the other 
parts, the better to refift the explofion: the formula Geran 
Inftit.) for meafuring the refiftance of the bafes of cylin- _ 
ders, will exactly afcertain the quantum of this excefs. 

gs. A gun mounted on its rag is fupported by the 
trunnions, and refifts the explolive force of the powder by 
the tenacity ofthe metal of which it is caft: the momen- 
tum of this force is exprefled by the product of the weight 
‘of this part of the gun, into the diftance from the centre 
of gravity to the point of fupport. On applying this prin- 
ciple to our theory (Philof. Inftit. 233) it will appear that 
the metal heated as much as it can be on fervice is greatly 
fuperior in tenacity to the different forces that tend to bend 
or burft it. 

Some guns that had been rendered unferviceable at the 
attack of Savona, were ordered to be brought to Prep- 
mont: for the facility of tranfport they were fawed in 
pieces, which gave an opportunity, previous to the operation, 
of alcertaining experimentally the truth of the foregoing 
principle: A 32 pr. conftructed on the fame proportions 
as guns of the firft kind (g1) was fixed by its trunnions 
upon arock,; the breech was folidly built into a wall, fo 
that from the trunnions to the muzzle it was fufpended in 
the air; the part not fixed in the wall was heated by a large 
wood tire, till a {tick on touching it {moked, and inftantly 
blazed; a much greatcr degree of heat than guns ever ac- 
quire in the heavieft and longeft cannonades. The gun 
being thus heated, two workmen gave more than 100 ftrokes 
with a fledge hammer on the {well of etal at the muzzle, 
with all their might, without doing it the leaft injury: from 
this experiment where the force employed to overcome 
the tenacity of the metal was fo great, we may infer that 
the chafe is capable of fufficient refiftance, 

96. From 
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96. From thefe premifes, the following conclufions may 
be drawn with regard to heavy artillery. 

1. That Jong guns ought to be caft of a harder metal 
and more reinforced from the middle of the chafe to 
the muzzle, as in that part guns of this nature are moft 
expofed to be ftruck by the fhot. 

2. That fhort guns intended to be fired with large 
charges fhould be reinforced as much as guns of the 
common length, fince they have equal forces to refift: 
for example, if AT be the length of a fhort gun 
that has the fame thicknefs of metal as the common 
gun AB; (PI. 3, Fig. 8) fuppofing A B to be fawed 
afunder in T, the fwell of metal thould be placed at T, 
and the trunnions fixed nearer to the breech, to make it 
preponderate. 

3. If the medium charge be the largeft ever ufed for 
thefe guns, and be rammed in the common method, 
the thicknefs AC may be +4 of the calibre, and the 
other thicknefles diminifhed from the breech to the 
muzzle in the proportion of common guns, 

4- If thefe fhort guns are only intended for firing 
cafe-fhot without wadding, the calibres may be increafed 
and the thickneffes confiderably diminifhed. A cylin- 
dric chamber made at the bottom of the bore, will leffen 
the charge of powder and of courfe preferve the embra- 
zures. 

97: If guns (71, 72) containing ; of tin only be fired with 
the medium charge, and the firft wad receive five and the 
fecond three ftrokes from two gunners ; the thicknefles of 
metal may be fo proportioned that the weight of medium guns 
may be the fame as before exprefled (64); and in fhort guns 
of cylindric bores (66, 72, 96, No. 3) they may be dimi- 
nithed, if the charges be leflened or the wads compreffed with 
tefs force. 

98. In fhort guns and even in medium guns, (6, 7, 8, 9) 
the trunnions fhould be placed nearer to the muzzle as 
they are never intended to fire through embrazures: if 
this be deemed inexpedient, fome method may be devifed 
of fixing the breech to the carriage. Many inventions have 
been propofed for this purpofe, of which the artillerift may 
conceive an idea from the models in the royal fchools. By 
placing the trunnions nearer to the breech it will pre- 
ponderate Jefs, and the gun be more eafily deprefied a 

elevated. 
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elevated. The vifual ray fhould pafs over the ornaments 
and interfe% the axis of the piece produced not far from 
the muzzle (94). From the conftruction of thefe thort 
guns, there is a very great difference between the dia- 
meters of the bafe-ring and muzzle, which being confidered 
by fome artillerifts as a defe&t, a projeion was made upon 
the bafe-ring of fome guns caft in the laft century, and 
pierced with holes; which gave the gunner a free and unin- 
terrupted view along the gun, and enabled him to lay ic with 
precifion to very diftant objects: others have imagined a 
moveable inftrument pierced with holes, the bafe re(ting ver- 
tically upon the bafe ring, by means of which the gun could 
be laid at different elevations as the vifual ray paffed through 
the holes along the gun towards the objeét; other holes were 
made horizontally to correét the direction in cafe the preceding 
one was wrong: butas artillerifts may fupply the want of thefe 
inftruments in a very fimple and eafy manner, itis unneceflary 
to dwell any longer on the fubject. 

gg- The thickneffes of metal in mortars are the fame as 
were ufed by our anceftors for a Jong feries of years. The 
theorem 9962 2r*=2rm-+m*xq will thew that the thick- 
nefs at the breech in mortars with fpherical chambers is fuf- 
ficient to refift the ftrongeft preffures of the fluid, when the 
chamber is filled with fine war powder confined by a tompion 
of wood, and the fhell furrounded with earth ftrongly com- 
prefled. The theorem (Philof. Inftit.) for the bafes of cy- 
linders will ferve for mortars with cylindric chambers, but as 
the modern powder is much ftronger than that ufed in the 
lait century, the thickneffes may be increafed |, and then the 
mortars will be fufficiently (trong for every purpofe. 

100. In morizrs fired with the largett charges, the elaftic 
fluid generated in the chamber is confiderably dilated on 
paffing into the chafe; the fcale of preffures therefore will 
very fudder:ly approach the axis of the mortar; whence no 
damage can enfueif the thickneffes have been properly pro- 
portioned. Mortars caft on thefe proportions, of metal 
containing / of tin, refift the preffure of the fluid, and 
every other force that tends to deflroy them, as the impulfion 
of the fluid, and the percuflion of the fhell: but if the 
chafe be not united to the breech by a confiderable thicknels 
of metal, it will be broken off, or at leaft incurvated. If 
the metal contain of tin, the impreffion of the fhells will 
be lefs ; but the thicknefs muft be increafed. 

to1. Mortars 
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zor. Mortars are moreover liable to an accident that 
defeats every good purpofe expected from the ufe of them 
viz. the burfting of the fhell in the mortar, or immediately 
on quitting it. This may proceed from a defe-t in the fufe, 
the negligence of the bombardiers in loading the mortar, or 
not priming it before the fufe is fet fire to, or from a hole in 
the thell through which the fire from the explofion com- 
municates with the powder. When from either of thefe 
caufes it burfts in the mortar, it generally renders jt unfit for 
further fervice. Increafing the thicknefs of metal in mortars, 
whatever be the motive, will be always advantageous ; pro~ 
vided they are not too unweildy: fince in all fire-arms folie 
dity adds to the juftnefs of execution. 

102. The trunnions if equal in diameter to the femi-dia- 
meter of the mortar will be fufficiently ftrong: they thould 
be Jet into the bed throughout the whole length, or at leaft 
the points of {upport fhould be near the breech of the mortar; 
for when they are fupported only by the extremities, they: 
are liable to bend and break, as has frequently happened. 

103. Mortars are made of different diameters according ta 
the ules for which they are defigned ; thofe from 15 to 20 
inches, are for throwing ftones to retard the progrefs of 
the befiegers, and are never fired to a greater diftance than 
350 yards, as in longer ranges, the ftones are too much 
{cattered to do execution; their chambers therefore are in 
form of a troncated cone, with the greateft bafe towards the 
muzzle and contain but little powder. This mortar having 
no great effort to fuftain, may be lefs reinforced: the 
thickneffes allotted for ftone mortars will anfwer for every 
purpofe in which it is ufed, as in throwing fire balls, car- 
cafles, &c. . 

104. Thirteen inch mortars, with chambers fpherical, 
elliptical, or in form of a pear, are defigned for throwing 
thells to deftroy magazines and other military edifices. If 
it be wifhed by increafing the range to add to the effects of 
the fhe)l by the height of the fall, the fpherical chamber is 
the beft; but then it is necefflary to increafe the thickneffes of 
metal, to infure proper refiftance and folidity. In the laft 
century, 20 inch mortars were made with curvilinear cham- 
bers to fire from very great diftances, that the thells might 
fall with irrefiftible force on magazines and other buildings ; 
but their exceffive weight has caufed them to be difufed in 
land fervice ; ¢ven 15 inch oo are very difficult to work 
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upon batteries, and the flicll is very unweildy; they are 
principally ufed at fea in bomb-ketches, for the purpofe of. 
bombarding maritime places from great diftances. 

_ 105. Ten inch mortars are very ufeful in attack and de- 
fence, for difmounting the enemies cannon and demolifhing 
their works and buildings ; they are not expenfive and eatily. 
worked: the beft form for their chamber is cylindric; it being 
of great importance that the firing from them fhould be very 
exact, they fhould be well reinforced to enable them to refift 
the fhock of the fhell and increafe the folidity. Mortars 
have been likewife conftruéted of 54 and 4% inches in calibre; 
they range but a fhort diftance and require the greateft accu- 
racy and precifion. It may be inferred from thefe remarks 
that mortars cannot be made lighter without confiderably 
diminifhing their effets. 


CHAP VI, 


Or Castine ARTILLERY. 


au 
¥o6. Tuere muft be a combination of feveral cir- 
cumftances to infure fuccefs in cafting artillery : unlefs the 
metal be of good quality and properly proportioned, the 
guns may be defective, perhaps ufelefs ; and though much 
depends on fcience and experience, yet chance has fre- 
quently no fmall thare in theevent. The principal motive 
for examining and fubjecting guns and mortars to various 
proofs betore they are declared fit for fervice, is the uncer- 
tainty under which the moft able founders have at all times 
laboured on this head ; and among the feveral experiments 
made to alcertain their goodnefs, there are fome which would 
be highly abfurd, were they not intended for the deteétion 
of artifice or ignorance. 
107. To fucceed in cafting guns and mortars there muft be: 
1. A perfect connection between the metallic par- 
ticles ; which depends cn the degree of heat and fufion 
when the metal is run from the furnace into the moulds, 
2. An exact mixture of the feveral metals. 
3. A moft accurate preparation of the moulds. 
4. No vacuity in any part of the bore of the gun, 
that may render it dangerous to the men that ferve it. 
: 108. Iu 
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108. In difpofing the metals in the furnaée, the firt 
ftep is to weigh them feparately, in the proportions prevj- 
oufly determined and place them near the furnace. When it 
has been heated for four or five hours, it is cleaned and fome 
cakes of copper put in at the mouth; which being fluxed 
{pread over the furface of the hearth; the reft of the copper ie 
then gradually introduced till the whole be fufed; and to 
facilitate it fome tin is thrown in (24). When the metal is 
thorvughly melted, the {coriz are fcummed off with a ladle : 
if brafs form any part of the compofition, the proper portion 
is put into the furnace and ftirred with the ladle, the better 
to mix it with the copper, When thefe fubftances have 
attained a proper degree of fufion, the tin is thrown in ang 
the fire increafed for half an hour and more, till the whole 
has acquired the degree of heat and liquidity judged neceflary; 
the fcoriz then {wim on the furface, and are in part diffipated 
with a luminous appearance; the remainder is f:ummed off, 
The mixture is then well ftirred and the furnace opened to 
let it run into the moulds. 

* If no brafs be ufed, the proper quantity of tin is put into 

the furnace after the {coriz have been drawn away; and 
when the mixture is fufficientiy liquid, it is ftirred and the 
furnace opened. 

1¢g. In recafting old guns, mortars, -&c. the tenacity 
and hardnefs of each piece before it is put into the furnace 
fhould be afcertained, in order to find what quantity of cope 
per or tin fhould be added to make it of a particular quality: 
fome of the new compofition fhould be fufed and proved ta 
know whether it is of a proper tenacity and hardnefs. If it 
be found that the old metal is unfit for the purpofe, it fhould 
be abfolutely rejected ; cr only ufed in cafting ftone mortars, 
Being thus affured of the goodnefs of the new compofition, 
let the furnace be heated; as the metal muft neceffarily 
remain for a longer time in fufion, fuch a calcination may 
take place as to deftroy the proportion between the tin and 
copper (24); on which account a quantity of tin fhould be 
added to make up for what may have been loft: this has always 
been deemed neceffary, and the proportion is fixed at 1 or 2 
in the. 100, according to the time that the bronze firft put 
into the furnace remains in fufion. But experience and 
careful obfervation of the fufion of metals will beft enable the. 
founder to decide what quantity of tin fhould be added: A 
bright flame denotes that the tin is in abundance; a red 
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flame that it is in {mall quantity, and a green flame that it 
is almott diffipated. Before the furnace is opencd the com- 
pofition fhould be ftirred ; and if there be the leait reafon 
to be dubious of its quality, a little fhould be taken out with 
an iron ladle, and when cold be carefully proved.” If the 
recaft metal contained any brafs, the zinc will be totaliy dif- 
fipated (23); therefore when brafs fhould form any part of 
the new compofition, a proportion mutt be added before the 
Pees is opened, not exceeding (28) half the quantity 
of tin. 

rro. The furnace is heated before the copper is put in 
(108) to give it the neceffary degree of heat which it would 
not otherwife attain; for if it were put in before, the part 
of the hearth covered by the cofper and the copper itfelf 
would never be properly hot; therefore not to leffen the 
degree of heat in the furnace or in the metal already fufed, 
{mall quantities are put in at a time, that the liquid matter may 
{pread equaily over the whole furface. The brafs and tin are 
put in when the copper is thoroughly fufed, and juit before 
the furnace is opened, to avoid as much as poffible the fub- 
limation of the zinc, and the calcination of the tin (22, 23, 
24) 3 they are then well ftirred, fince the motion produced 
by the fire is not fufficient to mix them thoroughly. 

When old ordnance containing very little tin is to be 
recaft, the founders generally put two or three large guns 
into the furnace, in fuch a pofition that they may cover as 
little as poffible of the bafe, and a moderate fire is kept up 
for five hours that the furnace may be well heated before the 
metal begins to fufe. If on the contrary, the metal to be 
recaft contain much tin, as bell-metal ; the founders know- 
ing that the tin accelerates the fufion (24) put a great quan- 
tity into the furnace before the fire is lighted, taking care fo 
to arrange the pieces that the flame may penetrate between 
them betore they melt; and the heat is kept moderate till 
the fufion begins ; this in the language of the founders is 
ealled putting them into a bath. 

r1t. The calcination of copper and tin may be partly 
repaired by the introduction of phiogiitic fubflances, but it is 
not judged expedient to have recourfe to this method in 
Jarge furnaces: the founders contenting them{elves with drop- 
ping, wlule the melted matter is running into the moulds, 
fome unctuous fubftances, as fat, fuct, &c. to prevent the 
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1x2. The furnace fhould not be opened (108) till the 
metal has acquired a proper degree of heat: for if it be too 
hot when run into the mouids or nct hot enough to take the 
form, the guns will in either cafe be defective. Tin being 
a folvent to copper, it would feem that thefe two metals 
fhould form a perfect mixture when in fufion without after~ 
wards feparating ; as is the cafe in the {mall proceffes of the 
chemifts and metallurgifts: but experience thews that the 
effects are different in the more extenfive orerations of the 
foundry : fince in guns the metal is commonly harder at 
the breech than at the chafe or muzzle, for thefe parts being 
nearer to the top of the mould ccntain lefs tin than the breech 
does, If from metal of the fame quality and liquidity fmalt 
and large guns be caft; in the former there will be very 
little difference between the tenacity and hardnefs at the 
breech and the other parts; but in the latter it will be very 
fenfible from the longer fpace of time that the melted metal 
takes to congeal in a’ large mould than in a fmall one: 
‘Whenever the founders neglect to make a perfe& and equal 
connection between the different metals, there are always 
articles of tin found unmixed with the copper, particularly 
in large guns; fome are feen almoft pure on the outfide of 
the guns in a long ferpentine ridge, others forming fmall 
Jumps in the copper: the fame circumftance occurs in vents 
that have run, fome being irregularly enlarged ; while in 
others caft at the fame time, there is no apparent defect. 
‘Thefe irregularities proceed in fome guns from cavities con- 
tiguous to the vents; while in other guns no fuch cavi- 
ties are vifible. 
Among the different guns that were examined, there was 
a 4 pr. that had been practifed with, at ALEXANDRIA ; 
in 60 rounds fired from this piece, the vent was enlarged to 
three times the original fize, and a cavity formed fpreading - 
from the vent in a ferpentine direQtion towards the muzzle 
of about 2 inches in length, } in its greateft and } in the 
Jeaft breadth: the vent being enlarged by the chiffel to intro- 
duce a bouch, a ftratum of tin was obferved beginning at 
the exterior furface of the piece, and defcending vertically to 
the top of the cylinder; the chiffel penetrated the tin more 
eafily than the copper that furrounded it. This feparation 
is attributed to the property which the copper has of fetnng 
before the tin; whence the latter remaining fluid for a longer 
Space of time infipuates oa by its weight between the in- 
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interfiices of the copper, already in part cangealed, defcends 
towaids the bottuin, and tudges in aty Caviiy bh Macs, : 

113. Lhis circumftance did not efcape the obfervation 
of our anceitors, and varicus expedienrs were deviied in 
the lait century tor remedying it; fome threw a quantity of 
tin into the trough chat conducred the melted mater from 
the furnace to the mould, when they judged that the mould 
was about + full; others thought to prevent it by the ufe 
of brafs. Some are faid in order fuddenly to congeal the 
mital, to have drawn out the iron cures from the mou!ds 
wilule ot, and to have thrown water into the vacant {pace 3 
Olhers again were anxious to form very long and weighty 
heads, that the copper being (tronzly compreffed while fet- 
ting, the tin might not be able to defcend. | Experience 
has proved that this lait expedient is the beft; fince in 
pieces of large caubre, the difference between the hardnefs 
o metal at the breech and mugzle is not very confideiable, 
and hardly fenfible in pieces of {mail calibre. 

114. Gun-metal .s fulible, not only by a great heat, but 
even by a modcrate ont, with the affiitance of folvents. 
It has been already obf:rved that t.n is a foivent of copper, 
of whicn it accelerates the fufion; but as the quantity of 
tin cannot be increafed wuhour altering the quality of the 
bronze, this expedient can oniy be ufed fo far as the pro- 
poiivn of the ingredients will permit. Tartar and nitre 
are the moft powertul folvents; when mixed together in 
equal quantities, the chemuis term the compound a white 
fiuxs waen the quaauty of tartar is double that of the 
mitre, a élack flux. As thele two fluxcs, efpecially the 
former, are very -Ctive, mu-h care and circum{pection muft 
be ovlerved in uany then, to avoid the damage that the 
furnace wouid be exp oled tu, trom the violent agitation they 
occafiun, When gun-imetal is made extremely hot, it is 
often very fpungy and porous, pa ticularly towards the muze 
zie, fo that when filled with water, it exudes and oozes 
throuzh. Fartar is uled wh n from the ereat rarefaction 
of the air ariiing from cx‘raordinaty heat, the fire is ren- 
dered inactive, sad the metal is infufib'e per fe. But if 
fire alone will anfwer, the founders ftir and mix the fubftances 
well rogether before they open the furnace, the melted matter 
tnen rans into the moulds; and this method has been found 
fuicient to render it homogeneous ; for, if fmall quan- 
tities be taken out of the furnace with an iron ladle, while 
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the metal is runing into the moulds, at the beginning, 
the middle, and end of the procefs, the feveral pieces, when, 
cold, will be homogeneous. 

115. If an exceffive heat, whether produced by fire or 
a combination of folvents, be attended with bad effects;-a 
deficiency in that refpect is not lefs pernicious > for inde- 
pendent of the imperfect mixture, the metal does not fet 
properly in the moulds; whence proceed the cavities and 
flaws frequently obfervable on the outfides cf guns after 
proof: thefe can neither be attributed to the intrinfic quality 
of the bronz*, nor the want of vroportionable thicknefs, 
but to the defect of heat and mixture; fince the external® 
flaws do not extend and communicate with the bore: from 
the fame caufe proceed the afperities vifible on the ornaments . 
and bas-reliefs. 

The deficiency, in point of heat, does not always arife 
from too fmall a quantity of wood being ufed to heat the 
furnace, fince with the fame quantity it takes fometimes 
36 or even 48 hours, to effect what at other times 16 or 18 
. are fufficient todo. This can only be accounted for from 
a want of elafticity in the atmofphere, which prevents the 
wood from burning with proper a‘tivity; or from the neg- 
Je& of the workmen in removing the cinders, which partly 
ftops the reverberation of the flame; thus the fire not being 
fo intenfe, it is longer before the metal acquires the proper 
degree of fulion. 

116. There are fome accidents which baffle the utmoft 
caution, as they proceed from variations in the ftate of the 
atmofphere. If the melted matter while running into the 
mould be expofed to a cold wind, it may be fuddenly con. 
gealed, which will prevent a due tenacity in the particles when 
folid. After the mould has been heated, if the atmofphere 
become fuddenly loaded with vapour, the mould will im- 
bibe humidity ; and the melted metal will extract the moif- 
ture, which rufhing out and bubbling vehemently, will difs 
turb its fetting. On the contrary, when the mould is per- 
feétly dry, repeated experience proves that the metal on 
running into a hot recipient, fets better, and becomes more 
tenacious and denfe, but lefs hard than when the recipient 
is cold. 

117. Since cavities proceed from the fpunginefs of the 
copper, or from the coldnefs and moifture of the atmofphere 
gr mould; they are found in all parts of the gun indifcri- 
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minately, and can neither be avoided or difcovered before 
the proof, particularly if the quantity of tin be fmall: but 
if it be large, as in bell-metal, thefe cavities are feldom {een, 
unlefs the metal be run into the moulds before it is fuffi- 
ciently liquid. If the proportion of tin in gun-metal be 16 
in the roo, the heads vety long and thick, and the turnace 
not ed till the metal is properly fufed and mixed, there 
will feldom be any cavities large enough to affect the fervice 
of the piece. 

As no rule has yét been laid down for afcertaining the 
abfolute degree of heat, founders mult depend on their own 
obfervation ; and though they may fometimes be deceived 
(107) yet a competent fhare of knowledge derived from ex- 
perience will enable them to judge with tolerable accuracy 
when the furnaces are properly heated. 

118. From the preceding obfervations on gun-metal and 
the method of cafting artillery, we may conclude: 

1. That the metal muft have certain phyfical quali- 
ties to enable the guns to refift the forces that tend to 
deftroy them. 

2. That great art is requifite in reducing the metals 
to a proper degree of liquetaction. 

It refis with the officers of artillery appointed to fix the 
proper proportion for the different natures of guns that are 
to be caft, to afcertain the phyfical properties of the gun- 
metal; it depends on the founders to flux the metals, and 
form the moulds in fo nice and accurate a manner, that the 
principles laid down by the artillery officers may be punc. 
tually adhered to. From a want of attention to thefe dif- 
tinctions, it has frequently happened that every thing being 
left to the mechanics, they, either through ignorance of the 
abfolute neceffity of having p:rticular properties in the metal 
or of the means of procuring them, fermed the mixture 
without the lea(t judgment; whence arifes the great difference 
fometimes found in guns caft by the fame founders after the 
faine model. 
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ie CHAP. VII. 


Or tre Vents or Guns. 


119g. Ta E pofition of the vent contributes alfo to mo- 
dify the inflammation and explofion of the charge. (Pl. 3, 
Fig 8) If in the gun ABM the vent QP correfpord to half 
AN of the charge, it will be the moft advantageous pofi- 
tion for obtaining the greateft force from the given quantity 
of powder ; but then he motion of the breech, though of 
the proper weight (84) will be fo violent, as to render the 
firing on irregular, and of courfe the fire-arm ufelefs. 
‘The vent fhould be placed at AC correfponding to the bot- 
tom of the bore, which will obviate the ill confequnces 
attending the former pofition; and if the bottom of the bore 
inftead .of being hemi-f{pherical be plane, the charge will be 
brought nearer to the vent, more powder will take fire, and 
the explofion be more violent, without caufing fuch an irre- 
gular motion in the breech. ‘ 

120. Chambers in guns are liable to great inconveniences 
from the alteration of their figure, as happened at the expe- 
riments with the Sarcophagus (36). “Vhis gun had at the 
bottom of the bore a [mall cylindric chamber ABCD 
(Pl. 3, Fig. 9) of which the diameter A C was 174; inch and 
the Broth AB 2 inches, .the communication F to the vent 
FG was diftant from A 144;: the part FV of the vent 
made in the gun itfelf was in length 32., the remainder 
GN was filled with an iron fcrew HLM K 2,7, in length, 
which had been well worked and tempered. After 500 
rounds the metal was much corroded at F, and round the 
orifice AC of the chamber; and the upper part PA BF 
was confiderably damaged towards N. ‘This increafed very 
much in the next 300 rounds; the clefts extending towards 
N were 1} inch in length; the pricked line QGQ fhews 
the alteration that took place in the figure of the chamber. 
The part NG of the vent formed by the iron ferew was regu- 
Jarly enlarged to nearly twice the original diameter: but by the 
affiftance of this bouch the piece might yet have been frequently 
Sred, without apprehending any great increafe in the fize of the 
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vent; its pofition was not at all altered. This fingle experi- 
ment fhews the neceffity of fuppreffing the ufe of fmall cham- 
bers in guns. 

121. Several obfervations and experiments might be ad- 
duced to prove that when the bottom of the vent correfponds 
with the upper part of the bore, it is a long time before it 
changes its form; and that if the metal be corroded, it is 
only round the Jower orifice. 

122. It has been obferved (4) that the vents of guns run 
fooner as the proportion of tin is the greater ; and in the fecond 
chapter the neceflity of having a hard metal to prevent cavi- 
ties being formed in the bore was infifted on; but this con- 
dition can only be obtained by increafing the quantity of tin, 
and thereby rendering the vent liable to run after a very fittle 
firing ; and it is weil known that when the vent is much 
enlarged, there muft be great irregularity and a confiderable 
diminution of force in the difcharge: it is neceflary therefore 
to form the vent of fome more refifting metal, which when 
enlarged may be sats taken out and replaced ; the belt expe- 
dient hitherto devifed, is to infert into every gun preVious to 
its being carried on fervice, a fcrew bouch which may be 
replaced at pleafure. 

123- From fatisfactory experiments made on the refiftance 
of fimple and compound metals with a view to determine 
which is the beft for bouching guns, it is in genera! found 
that. their refiftance is in proportion to the difficuity of fufing 
them in the crucible. “Mhe following metais were proved 
with the michine defcribed in the [reatife on Powder 
(139) and found to decreafe in refiftance from the firft to 
the laft. 

1. Forged iron well worked and welded with the 
hammer. 
. Iron of the fecond {melting. 
. Pure copper. 
. German brafs. 
. Gun-metal containing } of tin. 
. Affayed gold. 
. Affayed filver. 
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: . Tin. 

Of thefe metals the three firft are leaft corroded by the 
action of powder; but forged iron is the only one that can 
be depended on for making {crew bouches (122). ene 
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tmetal containing fin in the ratio of 16 to 17 in the 100 cor- 
rodes more eafily than affayed gold; but at 4 to 5 in the 100 
it refifts more than German br2afs; for which reafon, as was 
beture remarked, foft gun-metal was for a long time in 
great credit. But thefe refiltances are mer.ly relative and 
can oily apply to determined circumiftances ; for if the quality 
or quantity ot the powder be altered, the wads rammed with 
more force, or the piece much heated by frequent firing, the 
metal will be the fooner corroded and the vent enlarged. 
 aa4. The firt method adopted fot repairing the ven's of 
guns that had run, was the application of a bouc!i: afterward 
in hopes ¢ f tot..lly pr. venting or at leaft deterring this accident, 
they put into the mouid a piece of copper or iron at the place 
where the vent would te: this expedient was foon aban- 
doned, of: finding that the liquid meral on coming in con- 
tact with a cold body, bubbled and formed cavities con- 
tiguous to the vent: and ont of the four following methods 
was univetfally adopted. 

The firft confited in enlarging the vent ABCD (Pl. 3, 
Fig. 10) when damaged towards the middle FG and. filling 
up the cavity with gun-metal; the metal when cold was 
perforated to form a new vent. 

The fecond method differed from the firft, only in filling 
the cavity with pure copper. 

In the third method, the vent ABC D (PI. 4, Fig. 11) 
was enlarged as before, and an iron bouch P apphed with 
the projection QQ) melted metal was then poured into 
LM which when coid held the bouch P very firmly ; after- 
ward a new vent H K was drilled. 

(Pl. 4, Fig 12) The fourth method was toenlarge the vent 
very confiderably in form of a troncated cone AM K E, the 
fides of which QR D BLE ferved as a female {crew to receive 
an iron bouch; in the axis of which was drilled a new vent 
FG. Thefe different methods of repairing the vents of guns 
may be applied aecording to the damage that the piece has fuf- 
tained. but are not equally good. In the firft methcd the 
vent may run a fecond time, if there be too much tin in the 
metal By the fecond, the venr is lefs liable to corrode; 
but the copper from its great ductility may fpread and 
lengthen, and being detached from the fides of the cavity. 
the whole bouch may be blown into the air. The third 
method is preferable to the two former, fince the Souch 
gives more refiftance, and is lefs liable to,the above accidents. 
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In the fourth, it requires more labour to prepare the cavity 
but a frefh {crew may be inferted when the firft is corroded. 
The old method of ufing {crew bouches was very imperfect; 
fince they were obliged to vary the diameter in each gun in 
proportion to the degree of corrofion. 

125. '!n order to derive every poffible advantage from 
fcrew bouches, and render tneir ufe more fimple, expeditious, 
and geaetal, the following precautions fhould be obferved. 

1. To apply during the time of peace to ail guns, 

rticularly to battering cannon, a fcrew bouch of iron 
in one of the two methods expreffed in figure 12 and 
133 they fhould be formed on the fame model for all 
pieces of the fame calibre, that there may be always a 
quantity in ftore. 

2. Thehead cf each bouch fhould be fo formed that 
it may be eafily ferewed and unfcrewed ; and of fucha 
Jength, that the bottom may exaétly correfpond with 
the upper part of the cylinder, 

3- Not to diminith the metal at the breech too much, 


> 
the diameter of the bouch fhould be lefs than 3, and 
to prevent the neceffity of frequently replacing it, its 


diameter fhould not be lefs than DQ 


4 
4. The vent fhould (11g) correfpond with the bots 
tom of the bore, which fhould be a plane figure. 'f thefe 
operations be executed with exactnefs and precifion by 
fkilful workmen, the refiftance will be fully fufficient ; 
and there will be no danger of the flames pafling among 

the fpirals to darnage and corrode them. 

126. The refiftance of the fcrew bouch may be eafily af- 
certained: (Pl. 4, Fig. 12) fince before it can yield to the 
action of the powder, it mutt be driven forcibly out of the 
female ferew and be feparated from its fpirals ; or it mutt 
break off and carry away with it the fpirals of the other 
fcrew, which would leave a vacuum NBD Q, or it mut 
break the fpirals of both. Now as the tenacity of iron far 
exceeds that of gun-metal, the {pirals of the female {crew muft 
firit yield to thole of the bouch ; and if the circumference of 
a {piral anfwering to the diameter BD be called = C and its 
length DQ =m, ¢m will be the fection of the fracture; this 

fection 
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fetion multiplied into g=the tenacity of the metal will give 
emg for the refiftance of the female fcrew. The formula 9962 
ns, exprefles the preffure of the elaftic fluid againft a fuperficies 
=S. Then if half the diameter B D =r, and its circumference 


=C, sao will be the fuperficies of the circle, againft 
which the elaftic fluid a€ts in the direction F G ;: then 9962 
nx =, will exprefs the force with which the powder a&s 


againft the bafe of the bouch. For example, if under cir- 
cumftances the leaft favourable to the refiftance of the bouch, 


r = n= 1200 (33) and the metal of a lefs tenacious qua- 


lity be heated as much as it can be on fervice, mg = 7358758 
(35) the refiftance of the bouch. Now fuppofing m=1 ; 
then 49812r= 4981 x 1,200 X }= 1444300 for the action 
of the powder againft the bafe of the bouch: thus the refift- 
ance of the female fcrew will be more than five times the 
force that tends to drive the bouch from its place; an equi-~ 
librium between the propelling and refifting powers will be 
then fully eftablifhed, if only part of the bouch QR=+ of 
DQ be fpirated. 

_ 427- When the bafe of the bouch correfponds with the 
upper part of the bore, the action of the powder againft it is 
as the preffure: but when the bouch only reaches to LR, 
and leaves the vacuum LD LRB, then the elaitic fluid acts 
againft it with fo much the greater force, as L R is diftant 
from ‘the upper part of the bore; and greatly exceeds the 
preffure that it would exert againft the bafe, were the bouch 
int the former fituation. The refletions in the 2™ chapter 
on the orbicular cavities formed in the bores of guns caft of 
foft meta!, by the impulfion of the elaftic fluid, will convey a 
juft idea of this force. 

128. To fhorten the operation of making the fcrews, 
and at the fame time to obtain a refiftance fuperior to the 
. force of the powder, the bouch may be made in the follow- 
ing or any fimilar manner. (PI. 4, Fig. 13) Let it be fpi- 
rated only from P to L; let P L be about ¢ of F G and the 
remainder LF be in a form of a troncated cone HK NH, 
the diameter HH being lefs than BD, to form a ledge 
3 HHD, upon which may be placed a thin circular ae i 

WCte 
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dudtile metal, as pure copper; fo that when P L js ftrangly 
{crewed down, the plate may fpread and fill up the {paca 
between PL and HF fo exactly, that none of the elatlic 
fluid may be able ‘o penetrate among the fpirals. The for- 
mula (126) will ferve to compare the refiftance with the 
force of the powder, that acts againft the bafz K N of the 
bouch: 4981 arc exprefles the force of the powder, cmg 


the refiftance of the bouch ; put <x in the place of r and 


the circumference correfponding to the diameter K N in the 
place of c. If, the circumference =c correfpond to the dia+ 
meter B D of the fpirals, then in the fecond formula put the 
length LP in the room of m; and fince circumferences are 
Proportional to their diameters, thefe may be fubftituted and 


the formulas will be 2460 1x K N?, BD x LP x Q, 

12g. The refiftance of bouches made on this principle 
have ‘been found more than fufficient in practice. The 
experiments made in 1771 prove the goodnefs of the bouches; 
(Fig. g and 13) their refiftance is amply fufficient, and 
when damaged they may be eafily taxen out and replaced 
(127). The bouch (120) was neither moved or corroded 
in the 800 rounds fired from the Sarcopiugus; and the fame 
was the refult of the experiment (34) with a bouch (lig. 13), 
When the bouches were taken cut, neither the male nor 
female {crews were in the leaft altered, nor had the claftic 
fluid or the water which remained in the gun for 5 hours 
paffed the ledge BD. In the gun called the Papiss, which 
in 1771 was hired in the fame manner as the Jnvincib-e (34) 
with a bouch (Fig. 13), the fame effects were obferved, 
‘The operation of taking out and rep'acing the bouches takes 
up but a few minutes; it may be performed upon the battes 
ries without difmounting the guns, 
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CHAP. IX. 


Or tHe EXAMINATION AND ProoF oF NEW Guns. 


130. I T was obferved in the 7% chapter, that fuccefs 
in cafting guns does not entirely depend on the {kill and 
ability of the founders, fince it is greatly fubject to cafualties, 
The King’s fervice requiring that, befide the precautions 
taken at the time of cafting, the greateft attention be after= 
wards paid to detect any negligence or error; every gun 
before it is ufed thould be fcrupuloufly examined and fyb- 
jected to various proofs, in order to be certain that the founder. 
has adhered to the inftructions he received.—The obje& of 
thefe examinations and proofs is to afcertain: 

1. Whether the guns are conftructed on the propor 
tions given to the founder. 

2. Whether before the metal was run into the 
moulds, the necetlary precautions had been taken to 
avoid ail feparations between the metallic particles ca- 
pable of producing an unequal refiftance. 

3- Whether the tenacity of the metal is proportional 
to the thickneiles of the piece; and its hardnefs fufficient 
to prevent orbicular cavities from being formed on firing 
very large charges. 

131. To know whether a gun be properly confiructed, 
t*o inftruments are uied: the firft ferves to thew whether 
the piece has been truly bored, and the thickneffes of metal 
Properly diftrikuted; by means of the fecond, the exact 
figure of the bore is traced upon the firit, whereby the leaft 

wor deviation from the cylindrical figure is difcovered 
and afcertairied. A mirror is afterwarcs uled to difcover by 

reflection of the foiar ravs, what cavities, inequaities or 
Other defects there may be; and with the litt:e iron initru- 
ao the fearcher, thei depths and diameters are mea- 


132. To know whether there be in any part fuch a fepa- 
Ration of the metallic particles, 2s to pe:ctrate irom the 
exterior furtace to the interior cyiinder, tne gn is fiited with 
Water and placed with the breech downwards to increafe its 


force 
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force -and make it more eafily pafs between any interflices of 
the metal; it is further preffed with a high fpunge; and in 
this fituation the gun is left for three ar tour hours. This 
proof fhould never be made when the water can freeze. 

133. If during thefe examinations (131, 132) any defe&s 
fufficient to make the fhot ftrike againft the fides of the gun, 
or any holes in the charging cylinder or bore be difcovered ; 
if the axis be not exaétly in the center, the trunnions pro- 
perly placed or any opening or cavities through which water 
@ozes; in a word, if the piece have any defects that can ren- 
der it unferviceable or dangerous, or that can tend to pre- 
vent the thot from being thrown in a true direction, and no 
fafe remedy can be applied ; the gun fhould be without hefi- 
tation rejected. 

134. When no fuch defects are difcovered, thé other 

roofs for afcertaining with the greater certainty the nature 
of the cafting and the qualities of the metal may be proceeded 
to. To this end, a tew rounds fhould be fired in fucha 
mianner, that any defedts may be difcovered as fully as they 
would be, after a long continued firing with the ordinary 
charges of powder. 

- 135. Todetermine the proper quantity of powder for prov~ 
ing guns, it is neceflary to advert to the circumftances that mo- 
dity its force, from the beginning of the inflammation at the 
bottom of the bore, till the ignited fluid reaches the mouth 
of the piece; thefe modifications have been enlarged on in 
the Treatife on Powder, and may fummarily be reduced ta 


the following : 

I. The preffure of the elaftic fluid in the charging 
cylinder does not depend on the quantity of powder, 
provided that it be equally well collected; but on the 
refiftance oppofed to its explofion towards the mouth of 
the piece: and the other ordinates of the fcale of pref- 
fures increafe in proportion to the greater quantity of 
powder that is fired in the piece. a 

2. On comparing two equal charges of powder of 
different qualities to which an equal refiftance of fhot 
and wads is oppofed, the preffures, excepting the firft 
by which the {hot is put in motion, are greater in pro- 
portion as the powder is ftronger: the difference be- 
tween the correfponding ordinates proceeds from the 
greater quantity of fluid produced in cqual times, in 
two powders of different qualities; whence it refults, 

that 
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that the elafticity of the fluid in the charging cylinder is 
greater in the ftrongeft powder, though the preffure by 
which the thot is firft put in motion be equal in both 
charges. 

3. The refiftance to the explofion of the powder 
toward the mouth of the piece, is compounded of the 
weight and friction of the thot and wads; the refiftance 
from friction ceafes as foon as the fhot and wads are in 
motion; but the refiftance from the weight of the fhot 
exifts during the whole length of the piece, and is 
greater as the elevation at which the gun is laid is 
higher; this. refiftance may be calculated in the ratio of 
the right fines of the angles of elevation. 

4. The fluid generated at the bottom of the bore on 
ftriking the fhot is reflected laterally againft the fides of 
the gun with fo much the more force, as the charge 
occupies a greater fpace, or as all the powder is more 
inflantaneoully inflamed: whence proceed orbicular cavi- 
ties, whenever the hardnefs of metal is not fufficient to 
refilt the impulfion, 

336. From the preceding remarks we may infer that ; 

1. The proof charge fhould never occupy lefs {pace 
jn the bore than the largeit fervice charge. 

2, The gun fhould be laid at a higher elevation than 
when mounted on its carriage, 

3. The powder fhould be ftronger than what is gene- 
rally ufed, its quantity combined with the greateit re- 
fiftance of the {hot and wads, and proportioned to the 
largeft fervice charge, in the ratio of the metal when 
cold, to the metal heated fo as to fire powder (35). 

4. If a thot made of a foft metal as lead, tin, &c. 

. _ by any irregular movement proceeding from the ftrength 
of the charge ftrike againft the fides of the gun, it fhould 
be unable to make the leaft impreffion. 

I 37. The defeéts of a gun loaded in this manner will be 
as fully difcovered in a few rounds as with a great number 
fired in the common mode ; nor will there be the leaft rea- 
fon to be apprehenfive of burfting the gun, if it has been 
caft in the manner, and with the proportions already pre- 
fcribed. When the guns have been thus fired, they fhould 
be again fubjeGed to the water proof and re-examined: and 
if any flaw that may prove detrimental to the fervice can be 
difcovered (133) they ought to be rejected, 
2° L 138. There 
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138. There may be fome defects fo flight as not to merit 
attention; while there are others that muft be prejudicial, 
according to their nature and extent ;_ as the eccentricity of the 
bore, the number, depth and fituation of the flaws or cavi- 
ties, the wrong pofition of the vent, or a failure in other 
points previoufly concerted with the contractor. As, on the 
- one hand, nothing fhould induce officers to receive guns 
that cannot be depended on ; fo, on the other, they fhould 
not be over fcrupulous in their examination, left the foun- 
ders under pretence of the minute ftrictnefs of the fcrutiny 
enhance their price. 

139. Iron guns fhould be fubjected to the fame proof and 
examination: but as the hardnefs of the metal is afcertained, 
there will be no reafon to apprehend any orbicular cavities 
being formed in the charging cylinder, or any impreffions 
made by the fhot in the bore. If properly caft of metal of a 
good quality, they may be proved with iron fhot without 

ear of damaging or hurting them ; the quantity of powder 
fhould be determined by the thicknefs of metal, agreeably to 
the rules laid down in the 6'* chapter. 

140. The fame precautions and care fhould be taken in 
proving and examining mortars : hut any little hollows or 
flaws in the chafe may be difregarded, unlefs from their num- 
ber and proximity, there be reafon to apprehend an effential 
defect in the interior of the metal. 


SECOND PART. 


OF PRojEcTILES. 


141. Tue R E are two general methods of annoying 
an enemy: with miflile weapons ; or with pointed and cut- 
ting inftruments. Under the firft head, the ancients made 
ufe of the baliffa and catapulta, for throwing large ftones and 
arrows to great dittances; and of flings and bows for throw- 
ing them to fhorter diflances, 

The 
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The invention of the powder gave rife to the cafting of 
guns and mortars; which project iron fhot and fhells of 
different fizes to very great dittances, for the deftryction of 
men, and the demolition of fortificatio:.s and buildings. 
The non-commiffioned officers and foldiers of artillery per- 
form the operations requifite for producing thefe effeéts. 
The theoretical part of the profeffion contifts in certain 
principles and rules, with which the officers ought to be 
fully acquainted : as from mere practical knowledge they can 
never hope to be diltinguiihed ; nor can their country reap 
from their exertions the advantages expected from a corps, 
purpofely fet apart in all armies for this particular fervice. 

Our anceftors feeling the neceffity of regulating their 
practice by fixed principles, were foon convinced, that, to 
expertnefs and adroitnefs in the mechanical parts, it beho- 
ved them to join a juft theory; thst froma knowledze of 
caufes they might be enabled to account for effeéts, and 
condué their experiments without the confufion and abfur- 
dity inevitably attendant on an erroneous fyftem. 

If it hath not already been fufficiently proved, that an 
artiilerift fhould be converfant in phyfics and mechanics ; the 
fecond part of this work will clearly demonftrate, that unaf- 
fitted by fcience, he never can enfure facility and osconomy 
in execution, which is the moit certain and ready method 
of obtaining victory, the fole obje& of military operations. 

142. To this end, each fhot fhould firike the object in the 
manner that will produce the beft effect that circumflances 
admit of; or in other words, the projectile fhould produce 
the greateft effect poffitle in any particular cafe. The offi- 
cer then, who commands a battery, fhould examine the 
calibre, fha:e and dimensions of the artillery ; the qualities 
and proportions of the powder : the caufes that may modify 
in any confiderable degree the initial velocity of the pro- 
jectile ; the refittance of the air to its movement; it’s nature 
and form : the quality and fize of the objects againft which 
the fire is to be directed ; their relative and abfolute fituation : 
the pofition of the enemy’s troops ; and the nature of the 
aoe Each of thefe circumftances merit a particplar dif- 
cuffion, 
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CHAP. I. 


Or rue Initia Ve Lociry oF Projectizes. 


. 143; Ta FE initial velocity of thot and fhells muft be in- 
difpenfably known, before the problems in projectiles can be 
folved: but as it may be much diverfified by the quantity 
and quality of the powder, the force ufed in ramming the 
wads, the elevation of the guns, and the length of the bore; 
it is neceflary to treat all thefe circumftances more in detail : 
the po..der will be fuppcfed to be the fine war-powder ina 
good itate of prelervation. 

x. The largeft fervice charges for heavy guns, are 
equal to { of the weight of the thot in 32 and 16 prs. 
and to 3 in 8 and 4 prs. Thefe charges are only ufed 
on particular occafions ; the wads are well rammed, that 
the powder being clofely collected at the bottom of the 
bore, may all take fire in the piece; and that the in- 
flammation of each grain being as inftantaneous a 
poffible, the fhot may fave the greaieft initial velocity. 

2. The medium charges are } of the weight of the 
fhot in 32 and 16 prs. and } of its weight in 8 and 4 
prs. ‘Thefe charges are commonly ufed in fieges, for 
demolifhirng works, difmounting the encmies artillery, 
or enfiladinz troops; two gunners give five flrokes 
ef the rammer to the wad over the powder, and three 
to that over the thot. 

3. The fmaller charges are equal to 3; and the leaf 
to , of the medium charge. ‘Thefe are only ufed in 
particular cafes, which will be hereafter pointed out; 
and are <lways fuppofed to be wadded in the fame man- 
ner as the mediuin charges, in order to compare the 
initial velocities of fhot, impelled by different quantities 
of powder, 

4. As the difference in the diameter and weight of 
thot caufes a great difference in the initial velocity, the 
ihot are fuppofed to be of the diameter and weight, and 
the guns of the calibre prefcribed by the king’s otder, 
and caft agreeably to the proportions laid down in the 
iirit part of this work, Shot mae, as directed in the 

firlt 
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fir book of artillery, have been found adequate to every 
purpofe; nor can their furtace be more polifhed, or 
their figures more perfeét, without incurring an exor- 
birant and unneceffary expence. 

144. (he initial velocities of fhot are determined from 
experiments made with {kill and difcernment, and conduéted 
with care and circumfpection : before we proceed to the me- 
thod of determining them, it will be neceffary to mention 
thie principles ad..ered to in carrying on the experiments. 

1. The piece was always loaded in the fame manner, - 
and placed exactly in the fame pofition, left. the refult 
might be erroneous. ; , 

2. Since effects are always proportioned to their - 
caufes, when any remarkable ditferencearifes in the courfe 
of the experiment, it fhould excite no amazement ; 
as it muft proceed from negligence or accident. Some 
practitioners take the mean refult of all experiments, 
but conclufions .drawn from thence muft be faulty. 

3. In fpite of the utmost precaution, there will be 
fometimes a flight difference, proceeding from the man 
ner of placing or wadding the powder, 8c. 

If the variations be not very great, a few more rounds 
may be fired; but the mean retult only of thofe taken 
that approach neareft to each other : this may then be 
confidered as the abfolute refult. If, for example, the 
queftion be concerning the length of ranges ; the mean 
only of thofe thould be taken, whofe differences do not 
exceed 2 in the :00, and no regard paid to the others. 
But, fhould the ranges vary confiderably, it will then 
be neceffary to examine carefully every part of the 
procefs, to difcover the caufe of the variations, and be 
enabled to make frefh experiments in a more exact 
manner, 

145. There are three methods of determining the initial 
velocity of thot : 

x. By meafuring their penetrations into a homoge- 
neous butt-of a known confiftency. 

2. By analyfing and refolving into its fimple move- 
ments, the curve defcribed by the projectile on quitting 
the piece. : 

3. By deducing it from the thicknefs of metal of the 
fire-arm, when it is in equilibrio with the preffures of 
the elaftic flujd, in every point of its length, The 
L 3 third 
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third method is applicable to fufils and pieces of very 
fmat! calibre ; but not to guns of large calibre, fired 
witk the common charges of powder: becaufe in the 
latter, the initial velocities are compounded of the im- 
pulfion and preffure, as has been explained in the firl 
part. 
_ 346. The initial velocities are found very nearly by the 
firft method (145, No. 1.) if the butt be perfeétly homo- 
geneous and confiflent. To determine its confiftence, fire 
a piece of {mall calibre, with an iron fhot 1 inch in diameter 
=. D: and meature the initial velocity =” = 1200 feet, ( Trea- 
tife on Powder 164, 165). ‘Then the piece being loaded 
and fired as before, the penetration of this fhot into the butt 
will be 15 inches=S3; and fubftituting thefe data in the 
formula f5 =D U*; we thall have fx $=,',x 12007; 
then f =g6000 for the confiftence of the butt: let it be 
writtén inthe formula, which then becomes g6900 S=D U ’. 
Place the gun, the velocity of whofe fhot is fought, very 
near the butt, and fire ‘ome rounds in a horizontal direc- 
tion, in order to obtain the mean =S of the penetrations of 
the thot ; fuppofe it=.8 feet, and the diameter D of the 
fhot = 4 inches ; then by fubftituting thefe data in the for- 


6 8x12 
mula, g6000 x 8=.4, U*; hence U= SA 0220X 8% 12 _ 


4 
1517 feet, the initial velocity fought. In thefe experiments, 
the penetrations fhould be at fuch a diftance from cach other, 
thar the loofening of the earth by the firft fhot, may not 
facilitate tue entrance of the others ; the leaft difference will 
be then perceptible, fince the penetrations of the fame thot 
are as the fquares of the initial velocities. 

147- Co Jetermine the initial velocities, by analyfing the 
curve (145, No. 2); let us take the nrft part of the curve, 
where the effect of gravity has not been fenfibly altered 
by the refiitance of the air. it is a matter of indifference, 
whether the ‘pace tnat the fhot pafs through by the gravi- 
tating or impclling po ver, be firit confidered ; fince the latter 
may b> deduced with equal facility trom the former, as the 
forme: from the letrer. Let us in the fir place examine 
the ipace paffed tnrough by the power of gravity. 

cr. § Fig. 14.) Let the gun A B, mounted on its car- 
riage, be 7. -.d on an even and folid piatform, and laid ina 
horizontal oirection A C ; to that the thot at the firit graze 

may 
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may touch the earth in the point G of the horizontal line 
D f : the vertical diftance K G between the two planes, 
exprefles the fpace=S paffed through by the gravitating 
power, and the horizontal line DG=AK expreffes the 
Iength of the range, or the {pace =¢ paffed through in the 
fame time by the impelling power, If the known value 


K G be fubtituted in the formula sa T it will give 


with great precifion the time t= 2 < in which the 


fhot is driven from A to K by the impelling power. Hav- 
ing fired feveral rounds, and meafured the length D G of 
the ranges, take the mean=g (144, No. 3); and confider- 
ing this fpace as uniformly paffed through, eftablifh the 
following proportion; the time=#, is to the fpace pafled 


through=g¢ ,as one fecond, is to the fpace= £; which the 


fhot would move through in one fecond, if there were no re- 
fiftance from the air; this {pace ig termed the initial velo. 


‘city. For example, K G=g feet, then t= 7 —- = 


fecond F and fuppofe AK= 700 feet, then aaa Aa — = 


32. 18 


700 = 1400 feet, the initial velocity fought. The initial ve. 


locity thus found, is not abfolutely juft, fince the fhot, from 
the moment of quitting the piece till it touch the ground at 
G, has been retarded by the refiftance of the air. If from 
the nature of the ground, where the experiment is made, 
the vertical line K G be fhortened, the initial velocity will 
be greater, and approach nearer the truth, 

148. To determine the length of the movement of im- 
pulfion AM, in order to deduce from it the fpace paffed 
through by gravity; place vertically in M a butt LMN, 
lay the gun in a horizontal direétion, or nearly fo, and at M 
where the line of dircétion cuts the butt, draw tranfverfely a 

Ls, horizontal 
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horizontal ling. Fire fome thot into the butt-ss nearly'as 

: én the fame. direction, fo that after each round the 
vertical’ diftance M H between the horizontal line marked 
@n the butt, and the hole H made below it by the thot, 
» dmay be exaGly meafured: take the mean M H=S (144, 
No. 3) and fubfiitute it in the formula #= a ; ; then 
Pe a the diftance DL=AM=y, it will give the 

ap 


fied through in the fame time by the movement of 
3 artd confidering this fpace, as uniformly -paffed 


through, : a <= will be the initial velocity fonght 


{147)- : For example, let A M=200 feet,, MH =6 inches, 
: _ ae 


then t= ax =F of a fecond, and V aur 
lB mr8 a 32-38 


200 3200 the velocity fought. ‘The neater the plece is 


t 
brought to the butf, the fhorter will be the time, and of 
courfe fo much nearer to reality will be the initial velocity. 

_ 449. Thefe methods of determining the initial velocity 
may be applied to guns of all lengths and calibres. The 
velocities may be compared together when the experiments 
have been made under a conftant ftate of the atmofphere ; 
put as its frequent changes affect the explofion of the pow- 
der, the following rules fhould be obferved : 

1. To make the experiments under a mean ftate of 
the atmofphere both with refpe&t to heat and moifture ; 
as the inflammation and explofion of the powder are 
then much more uniform. 

2. In order to know if the variation of the atmo- 
{phere be the caufe of any alteration that may occur, 
fome rounds fhould be fired from time to time from a 
gun of fmaller calibre of a known initial velocity, as a 
wall-picce, placed very clofe to a butt perfe€tly homo- 
genous, to afcertain whether the penetrations be regular. 

3. If the refults be conftant, it will be a proof that 
the procefs has been juft jn every particular, and that 

: she 
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the ftate of the atmofphere has not varied. © Any irre- 
gularity found in the refults from the gun alone, will 
denote that fome neceffary precaution has been neg- 
leéted: but if the refults from both pieces are irregular, 
it will be proper to defer the profecution of the expe- 
riments till another day, when the atmofphere is more 
fettled: in the mean time the utmoft attention fhould 
be paid to rectify any error in the apparatus, or in the 
mode of conduéctin: the experiments. 

4. If any interval of time be fuffered to elapfe be- 
tween the commencement and the profecution of the 
experiments, and there be a difference in the initial 
velocity of the wall-piece, it will be proper to fire fome 

. rounds from the gun, in order to compare it-with 
the preceding experiments. For example; if in the 
morning the initial velocity of a 32 pr. be 1383 feet, and 
that of the wall-piece 1696 feet ; and in the afternoon 
the initial velocity of a 16 pr. be 1424 feet, while that 
of the wall-piece be only 1600; a few rourtds fhould 
be fired from the 32 pr. the initial velocity of which 
mutt be neceffarily lefs than it was in the morning ; 
fuppofe it to be 1315 feet: the following proportion 

1383 X 1424 

1315 

which would be the initial velocity of the 16 pr. if the 

atmofphere were in the fame ftate as in the morning. 

By this mode of operation, experiments made at any 

interval of time, at different feafons, and under different 

ftates of the atmofphere, may be compared together. 
with fufficient accuracy: 

150. If under a mean ftate of the atmofphere, with re- 
‘peét to heat, denfity, and moifture, thefe experiments be 
nade with guns of medium length loaded as before (143)’5 
r will be found, on firing them in a horizontal dire€tion: . * 

1. That with the largeft charges the initial veloci- 
ties are nearly as follows ; 


will be formed, 1315:1383::1424: = 1498 


Nature of Guns Initial Velocities. 
Prs. Feet. 
: 6 = 1618 
1 _— 161 
Shot 8 2 1696 
4 _ 1720 


a. That 


170 OF PROJECTILES. 


a. That with the medium charges they are very 
nearly as follows ; , 


Nature of Guns. Tnitial Velocities. 
Prs. Feet. 
32 = 1350 
16 - 1416 
8 = 1449 
4 fies 1467 


q. That with the lefs charges (143) they will be 
about ¢ lefs than with the medium charge; for in- 
ftance, a fhot from a 32 pr. charged with 73/bs. of pow- 
der, will be impelled with an initial velocity of about 
-4180 feet, and a fhot from an 8 pr. with 2élbs. of 
powder, with an initial velocity of about 1269 feet. 

4- With the leaft charges (143, No. 3) the ini- 
tial velocities will be about .3, lefs than thofe with the 
medium charge ; for inftance, a fhot from an 8 pr. 
charged with 1]b. 10 02. of powder, will be impelled 
with an initial velocity of ro61 feet; and a thot from 
a 16 pr. with 2lbs. of powder, with an initial velocity 
af 1028 feet. It thou!d be recolleted, that with {mall 
charges, the leaft difference in the mode of loading the 
the gun, makes a great alteration in the initial velocities, 
while with large charges its effects would be fcarcely 
perceptible. The fureft mode of keeping all circum- 
{tances as nearly equal as poffible, is always to ram the 
wads well. 

151. In experiments with three or four guns of the 
fame calibre, but of different lengths, loa:ed as above (150, 
No. 2); the following rule will furnith an approximation 
fufficiently exact to draw from it conclufions applicable to 
practice. (PI. 5, Fig. 15,) E BF reprefents the bore of a 
gun of any calibre; the medium charge of powder D and 
the wad S are fo placed, that the fhot A is diftant from B 


AF 
2 and 


three diameters of the bore FE: make F C= 


from the point C as centre, with the radius C A, defcribe 
the arch AK PR, reprefenting the fcale of initial velocities, 
by lines drawn perpendicularly from AF to the arch. To 
determine the initial velocity of a fhot fired, for inftance, 


fram a long gun B L (66), loaded in the fame manner (150, 
No. 
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‘0. 2)3 4 normal line L Q drawn perpendicularly from the 
aint L in the line A C, will correfpond to the relative ini- 
ul velocity. To have the abfolute initial velociy, make the 
llos.ing proportions : the relative velocity F P of a gun of 
ie length BF is to its abfolute velocity, as the relative 
‘locity L Q of the gun B L is to its abfolute velocity ; by 
e fame method the initial veloc: y of a fhot impelled from 
n of any length as BG may be found. The fcale 
KR ee ferve for longer guns, but it fhould not be 
ed (65). 
poe eaten made with a view to determine how 
uch the initial velocities of fhot are affected by the differ- 
ice in the léngths of the guns, fired with different charges 
“powder, will be found 'o vary very little, from thofe com- 
ved on the preceding principles. 
15§3- From the theory of the inflammation of the pow- 
rin guns of cylindric bores, when all the grains are fired 
the piece, the following modifications ought to occur ; 

r. In diminifhing the charges in guns of the fame 
calibre but of different lengths, the initial velocities of 
fhot from the fhort pieces fhould correfpond more nearly 
thofe from the longer ones, as the charges of the latter 
are diminithed; fince the fhot has its greateft initial 
velocity, when in the fhort piece the largeft charge is all 
fired in the gun. 

2. The greateft velocity of a fhot projected from a 
fhort gun, is with the largeft charge that is all fired in 
the gun: it is only in very fhort guns that this does 
not hold good. (‘Treatife on Powder). 

154. In computing thefe initial velocities, the guns have 
en tuppofed to be fired horizontally, or nearly fo: but the 
locities increafe as the guns are elevated, which proves 
at the entire inflammation of the powder is accelerated by 
e greater refiftance oppofed to the explofion (Treatife on 
wwder). If a 32 pr. be fired with the medium charge 
sc, No. 2) at 20° elevation, the initial velocity will 
ceed 1350 feet, and increafe very much, if fired at 36°. 

In the following chapter will be fhewn the method of 
termining the initial velocities of fhot fired from guns at 
th elevations. 


‘CHAP. | 
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CHAP I, ° 


Or THE Curve DESCRIBED BY CANNON SHorT. 


155. Tu E charges of powder for common fervice. 
have been already mentioned (15c, No. 1 and 2.3 the 
objects againft which they are directed fhould not be very 
bigh; and to fire with effect, be lefs than 1000 yards diftant : 
even then the air’s refiftance to the fhot is very great, the.gh 
its effets on the gravitating principle be almott infenfible. 
When the line of defcent is lels than 260 feet, and the time of 
the fhot's flight not more than 4 feconds, the fhot’s path is a 
curve of the fecond kind ; fo denominated todiftinguith it from 
the curve of the fourth kind, where the movements of impule 
fion and gravitation are both greatly affected by the retittance of 
theair. Inthe Treatife on Powder, it was demonitraied that 
the air’s refiftance confiderably retarded the movement of 
leaden bullets; and in the laft chapter on hydroftatics, the 
air’s refiftance to milit.ry projectiles is exprefied in pounds. 
In this chapter we provofe. to determine the law by which 
the air retards the movenient communicated by the impel- 
ling power, in another manner, viz. Girectly by its forces. 

156. ‘lo folve this provlem, we u.uit find experimentally 
the feale of {paces paffed throvgh durirg the t.me of an impul- 
five movement, retarded by the niediunt that the foot fies in: 
the injial velocities may be found by the method expreffed 
in the lait chapter. Hitherto we have only confidered 
the effects of the alterations in the ftate of the atmcfphere, 
on the inflammation and explofion of the powder, and con- 
fequently on the initial velccinies of fhot ; we will now ex- 
amine how far they can vary the air’s refiftance to the fhot,. 
and render the former concluGons erroneous. 

The barometer will in fome degree point out any changes 
that may take place, and for greater accuracy, two finall 
guns may be fired againft a homogenous butt, at any diftance 
not lefs than 160 yards ; to afcertain by the one, if the initial 
velocities be conftant (149); and by the other, if the air’s 
refiftance continue the fame. An elevated fot fhould be 
chofen for thefe experiments, where, the gun laid horizontally, 
may be directed to the right or left, that the firft grazes 

ae : of 
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of the thot may feverally be on planes one below the other, 
Let thefe different planes be 4, 16, 36, 64, 100, and 144 
feet below the gun’s axis; then the time of the fhot’s 
flight through the feveral fpaces will be 4, 1, 14, 2, 22, and 
feconds; thus, the equation of the fcale will be more eafily 
found. ; 

Then, with a charge that gives a known initial velocity, 
fire fome rounds towards the place, 4 feet below the piane 
of the gun, in order to obtain the mean of the horizontal 
ranges (144, No. 3) which may be cailed dg (Pl. 5, Fig. 
47): turn the gun to the place 16 feet below its plane; 
fire fome rounds, and call the mean rp; let bbe the 
mean to the place 36 feet, and K yto the place 64 feet 
below. the gun. On the direétrix a K fet off the times t= 


Ss 
v2 Tite d, ar, an, aK, correfponding to the lines of 
defcent 4, 16, 36, and 64 feet ; and erect from the points ¢, 
r,n, K, perpendiculars to the line a K, refpectively equal 
to.the means of the ranges already found; the line ag phy 
paifing through the extremities of thefe perpendiculars, will 
be the fcale of fpaces paffed through during the times of the 
retarded movements of impulfion. 

157- If no convenient place can be found for this purpofe 
the experiments may be made in another manner: on the 
fide of a hill or mountain as (PI. 5. Fig.16) HLA, at the 
bottom of which is a horizontal plain M Z, chufe the fta- 
tions A, L, H, of different heights ; and from them fire the 
gun-in ihe horizontal directions AK,LF,HX: then the 
perpendicular lines GK,PF,ZX will be fpaces that the 
fhot fall through by the power of gravity. The longeft of 
thefe lines fhould be !efs than 269 teet, that the refiftance of 
the air may not fenfibly affect the gravitating power, and that 
the difference of the heights may not occafion any alteration 
in the inflammation of the charge. From each of the points 
A, L, H, fire fome rounds with charges of which the initial 
velocities are known, in order to obtain the mean of the 
ranges (144, No. 3); then fuppoting that from the point 
A the mean of ranges is=DG, from the point L=RP, 
from the point H=N Z; mark upon the dire€trix a K (PI. 

om 2 ie 17.) the times correfponding to the vertical line 
& K,PF,ZX ; erect from the points d,r,", the. norm 
lines dg,rp,nb equal to the means of ranges already found, 
: and 
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and drawing a line through the points agp dy, it will be.the 
f{cale of {paces in the times of the retarded moveinenis of 
impullion. 

158. Having conftructed this fcale (156, 157), the refult 
of the experiments fhould be examined to tee that there be no 
error, andas it is the fcale of a retarded movement, it fhould 
have the properties exprefied in the treatife on moving bodies: 
in the firtt place, the line ag p by thould be a curve concave 
towards the directrix, and tne differences pm, 60, Ly be- 
tween the ordinates, fhould decreafe in a regular progreffion 
from a.to y; wherefore, if the fcale be a right line, or a 
curve convex toward the diredtrix, it is a proof that fome 
errors have been committed in making the experiments, or 
in taking the tefults. But if they ditter a little in one o 
two points only, it is immaterial, fince {mall errors are ine- 
vitable . when this occurs, the diffeiences {hould be judice 
oufly corrected. To this end, deduct the fecond differences 
from the firit: and if the refults be ftill erroneous, take the 
third dittcrences ; in the latter, the leaft irregularity in 
carrying on the experiments will confiderably ditturb the 
order of: progreffion, ‘To {ct this matter in a clear point of 
view, fuppofe the following to have been the refult of the 
experiments. 


Spaces paffed through by the Shot from the impulfive motion 
in correfponding times. 


Differences. 
Seconds of Time: Feet. Firft. ‘Second. \'Teird. 
I _ 1302 _ — ee 
2 = 2394 = 10g2 | — | — 
3 —_ 3310 _ gio | 176] — 
4 —- 4082 — 772 | 144 | 32 
5 —= 4730 —_ 648 | 124 | 20 
6 — 5284 — 5541 94] 39 


If no error be perceptible in the firt ; but in the fecond, 
the progreffign dces not decreafe regularly, and in the third 
the difference after decreafing from the firit term 32 ta the 
fecond 20, increafes from the fecond term 29 to the third 
term 39, to correct thefe errors, Jet the refults be n.odified as 
below; then will all the differences decyeafe in a regular 
progreffion and be fufficiently accurate. 

Relults 
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Refults modified. Differences. 
onde of Time. Feet, Firft. | Seccad (Tbied. 
I _ 1302 — —-j-It— 
2 _ 2394 oOo 10g2 | — | —~ 
3 _ 3310 g16 | 176 | — 
4 - 4c82 0 — 772 | 144 ] 32 
5 _ 4736 _— 654 | 118 | 26 
6 _ 5292 _ 556] 98 | 20 


159- When the fcale thus modified has the properties 
preifed in the preceding paragraph, we fhould froceed te 
amine whether the refults are juft and conclufive. 

Fic. 17. For this purpofe, if ag phy be an equa 
tion of this fcale, and 7 fhe the equation of the fcale of 
velocities in correfponding times ( Treatife on Moving’ 
Bodies), which fhould be a curve-line convex toward 
the direGrix, whofe greateft ordinate @7 drawn from a 
the beginning of the times muft be cqual to the initial 
velocity of the fhot, the other ordinates will decreafe in 
proportion as the times increafe, and the fcale : fb e will 
approach the directrix, and touch it when the fhot has 
entirely loft its impulfive motion. For example, fup- 
pofe the equation of the curve agp by to be 7° +a 9-0 
mt; where g expreffes the {pace pafled through by the 
fhot from the impullive motion, t the time; m and 
mare two conitant quantities which exprefs the initial 
velocity : if from this equation be deduced the equation 
of the velocities i i a eee iar 

locities in the times, U iJ will 
rs +mit 


have all the properties that belong to the retarded 
motion ; whence it may be inferred that the experi-~ 
ments have been properly conducted. 
Fig. 17. If on the contrary, the equation for the {cale 
rp by be pt=q*, where p is a conftant quantity, and 


e {cale of the velocities in the times be deduced; U 1h 


1ere t=0; the velocity is then equal to ¢, which is a ma- 
eft abfurdity, fince it muft be equal to the initial vclccity 
the fhot. Again, if p t—2*=¢* be the equation fcr ogp 

by 
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by where p is a conftant quantity ; and the equation for the 
feale of velocities in the times be deduced, U= — 
2 r .] 


which is an abfurdity ; fince when ¢=o, the initial velocity is 
infinite. 

160. In fine, if the fcale of velacities in the times be 
conformable to the retarded movement, the fcale of the 
air’s refiftance to the fhot at each inftant may be deduced 
from it; # this fcale be a convex curve, and its greateft 
ordinate at a with a progreflive feries analogous to the {cale 
of velocities, it will be a certain proof that the refult is jult: 
but fhould the fcale of refiftances not ae the requifite pro. 


perties, the refults muft be faulty. Frond the equation of the 


m 
foale of velocities U = ———= may be deduced the 
n 


2V —t+mt, 
4 


a 
le of preffures =; then p= oe 
aap P Ps p n>tamtxy7 inrtmt 
is an equation that combines all the requifite properties. 
161. The refiftance of the air to the rapid movements of 
projectiles depends not only on the a@tual denfity of the at- 
mofphere, but on the condenfation of the air before the 
projectile, whenever its velocity exceeds 1300 feet; for a 
vacuum is then formed behind the fhot, which becomes fo 
much the greater as the velocity exceeds 1390 feet. 
After repeated experiments and cbfervanons on this fub- 
jee, it appears that whe: cuns are fired with charges that 
give an ininal velocity a. about 1300 feet, the formula g= 


crt... : : . : 
ray will exprefs the retarded motion cf impulfion with fuf- 


ficient exactnefs for praStice, whenever the extent of the 
movement is lefs than 1350 yards: but if the initial veloci- 
ties be much greater or lefs than 1300 fect, this formula will 
not ferve. The letter g cxpreffes the line of projection, 
which in thot impelled isorizontally always correfponds to the 
length of the range ; ¢ the initial velocity of the thot, ¢ the 
time that it takes to pafs through the fpace -g; and ra 
number proportioned to the diameters of the feveral fhot 5 
this number is combined with the actual denfity of the at- 
4 inofphere, 
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mofphere, and its value may be found by experiment. The 
diameters of the fhot are as follows: : 


Nature of Guns, Diameter of Shot. 
Pr. Inches. 
32 —_ _ ~— 5-760 
16 _ _ —_ 4-566 
8 = ane = 3 653 
4 _ _ _ 2.881 


If from the denfitv of the air, r=12 in a 32]b. fhot, the 
value of r for fhot of other diameters may be found by ana- 
logy ; hence in a 16lb. hot, r=g.5; in an 8ib. fhot, r= 
7-6; and in a 4lb. thot, r=6. If from the denfity of the 
ait, in a 32lb. fhot r=143 then in a 16lb. fhot r11.1 5 
in an 8lb. thot, r= 8.8; and ina lb. fhotr-=7, 

For example, fuppofe from the denfity of the atmofphere 
r=12in a 3alb. fhot, of which the initial velocity is 1349 
feet-=c; and the value of g, the fpace paffed through with 
this fame velocity in different times, be required : by fubfti- 
tuting thefe data in the formula; in two feconds of time, 


_1349X12X2 


= feet ; d in th f = 
carne 2312 feet; and in three feconds, g 


q 


194QXI2X3 
"1243 
feet, in three feconds the line of projection is 3640 feet. 
Ina r6lb. fhot with an initial velocity of 1416 feet, the 
1416X9.5 X2 
g5+2 — 


= 3237 feet. If the initial velocity be 1517 


line of projedtion in two feconds is 9 = = 2402 
feet; and in 4 feconds is 3985 feet. 
In an 8lb. fhot with an initial velocity of 1696 feet, the 


line of projetion in 3 feconds tga COON 70% 32 3648 


7643 

feet, 

In a 4b. thot, with an initial velocity of 1550 feet, the 
line of projeétion in 4 feconds is 3720 feet. 

Suppofing the atmofphere to become lefs denfe, fo that in 

a 32lb. thot r=14; then if the initial velocity be 1433 feet, 

the line of projection in 4 feconds is 4458 feet. 
ye M 


Iq 
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In a 16lb. thot, with an initial velocity of 1534 fect, the 
line of projection in 2 feconds is 25:9 tect. 


In an 8ib. thot, wich the inita! velocity «/ 24g7 7-1, the 
line of projection in x fecond .s 1202 '-* 
Ina glb. thot, with the initial veg © °° 9 ts cant, the 


line of projection in 3 feconds is 3612 «cet. 


. t os 

162. If from the equation = be deduced the ic2te 
of velocities V in the times, (159) Vo which will 
r+? ‘ 

give the remaining velocities, after the fhot has pafled through 
the fpace g in the time ¢. For example, fuppofe from the 
denfity of the eir r=1q4 in a 32\b. fhot; then if the initial 
velocity be 1349 feet, the remaining velocity after 4 feconds 


will be V= “349% 4 — 816 feet. A 16lb. thot, with the 
u+4 | 

velocity of 1416 feet, will have a remaining velocity after 3 

feconds of 877 feet. 

The remaining velocity of an 8lb. thot, with the initial 
velocity of 1686 tect, will after 4 feconds be 796 fect. The 
remaining velocity of a 4!b. fhot, with the initial velocity of 
1467 feet, will after 2 feconds be 887 feet. 

Again, from the fiate of the atmofphere r= 12 ; then the 
remaining velocity of a 32!b. fhot, with the initia! velocity of 
1517 feet, will after 2 feconds be 1114 feet: a r6lb. thot, 
with the initial velocity of 1484 feet, will after 4 feconds be 
724 feet: an 8lb. fhot, with the initial velocity of 1686 feet, 
will after 3 feconds be 866 feet; anda 4lb. thot, with the 
initial velocity of 1€co0 feet, will after 2 feconds be gco feet. 

163. The problems of the curve of the fecond kind (155) 
may be refolved by the formulas = ae: a G2t8t 

(PI. 5. Fig. 16.) Given the initial velocityc of a 3alb. 
fhot fired from A with the herizontal direction A K, to deter- 
mine by cxperiment the value of r. Suppofe that the fhot 
touch the ground in the point G of the plane D Z, as the line 
of projection AK=D(r-~g, and the line of defcent KG 
are known; by fubftituting this laft value in the formula 


ERE en ie ORG 
sat > it will give at re? and by fubftituting 


the 
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crt 
the 
r+ 


value of 7 will be found. For example; Jet c=1517, and 
AK be found by experiment==2655, and K G=6,4 feet; 


then f=2 ; and confequently pct l 2 205552 

cl~g 1517 X2— 2656 
s=14. Having thus found the value of r for the 32Ib. thot, 
it mav be found for the 16, 8, and 4lbs. from the propor- 
tion of the diameters of the fhot (161). 

164. The value of r being given, to find by experiment 
the initial velocity of a thot fired in any dire@tion. Suppofe 
in the firft place, that when the gun is fired in a horizontal 
direGion A K, the firft graze of the fhot is at G: the line 
of projection and the line of defcent being known, by fub- 


ftituting this laft value in the formula S= Seabee 


the known values of g; ¢, ¢ in the formula g= 


the time 


2 
of flight will be found: the fubftitution of which in the 
other formula will give the value of c. For example, if 
an 8lb. fhot be fired in the fame refitting medium as’ in the 
preceding paragraph, r=8.8: and fuppofng A Kz 3478 
feet, and K G=1a4q feet, then t==3; and confequently c= 
qxrt+t 3478x8843 

rt 8.8x 3 

Suppofe, in the fecond place, (PI. 6, Fig. 18) that the gun 
be fired in a diref&tion A M, forming with the horizon the 
angle MAR, whofe value is known; and, that the fhot 
ftrike the ground in H : by meafuring the horizontal diftance 
AR, the line of projeétion AM and the line of defcent 
MH will be found. If MH be lefs than 260 feet, the 
initial velocity will be greater (154), than if the gun had 
been fired with the fame charge in a horizontal direétion. 
Let M H=100 feet, then t=2;: let AM=2920, and the 
fhot be a 4 pr. fired in the fame refitting medium as above, 
r=73 confequently c=1585. 

165. To determine the angle of elevation (PI. 6, Fig. 19) 
DAF under which a fhot with a charge that gives 2 
known initial velocity=c will from the point A ftrike the 
object B, above or below the horizontal line A F. 

Draw the perpendicular line B D, and fuppofe D A to be 
the direction in which the gun muft be fired, Then as the 

M2 angle 


=1554- 
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angle BAF and the nde AB in the r 7 = 4 trinngfe 
BFA are known, the ides AL, P  fenind 5 
call AF=im, Bk==n, Since the uu. A Ce 
1827 : a ort 
sail il » and the line of projeGion zsun —: 
2 ott 


32. 18 f+ 
DF= 


— 2, according as the point B is above or be- 


low F. As in the reétangled triangle AFD, AD?=AF* 
+DF"*, by fubftituting the analytical values a os have 
_the following equation, = a m+ —=— ioe 
part+! 
+n? : whence may be deduced the value of ¢. If the point 
B coincide with the point F and the butt be in the plane of 
the gun, the value of »==0, and may be ftruck out of the 
equation: the value of ¢ being thus known, thofe of BD 
and AD may be afterwards found, which will give the angle 
of elevation D A F that was fought. 
166. (Pl. 6. Fig. 20.) From the point B-to hit the obje& 
L fituated in the fame plane as the gun: the value of t may 
be found in the follow:ing manner with fufiicient accuracy 
for practice ; fince even when the amplitude of a 32lb. thot 
is 1348 yards, the difference in the elevation HBL will 
not be 2 fecond. 
The ditance BL between the gun and the objeét, may 


a ee eas ert 
be confidered as the linc of projeSion g= — 


—_ Hap: 18%" 


» and fubsti- 


tuting ia this formula, the data q,c,7, the value of t may 
be found; which being again fubftituted in the formula $= 
32.18 7 


ives the value of S for the line of defeent LG: 


draw the line BG; then, in the retangled triande B LG, 
the angle GBL will be knowa: make the anve LB H 
equal to. the angle GB; 2H will then be the direction 
in which the gun fhould be fired to ftrike the point L. For 
example, if BL be 560 yards, and a 32 pr. be fred with 
the medium charge of powder, c==135¢ lect (150); and 
from the refiltance of the air r=12: by fubftituting thefe 


1350X12¢ 


numbers ja the firft formula, 1680= 
2+t 


> and con- 


fequently 
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fequently t=1.4 again fubitituting this value in the fecond 


formula S= 3218 Atty feet=L G, and finding trigo- 
nometrically 2 G BL 1°3', the 2 LB H that was fought 
is alfo 1°. 3°. 

167. From the preceding theory, (PI. 6, Fig. 2c) it will be 
eafy to determine the value cf r and the imtial velocity=c, 
when. thefe two quantities are unknown, by fring only two 
rounds. Fire agun inany direction B D, provided that the 
line of defcent be lefs than 260 teet 5 and, fuppofing the fhot to 
firike the groundin E, find geometrically the iine of pro- 
jection B D=g, and the line of defcent D E=5 ; and, by 


the formula s= 3215" find the time: then fubftirute thefe 


values in the equation BD aqui If the gun be again 


fired with the fame elevation, and exaétly loaded as before, 
but turned to the right or left, fo that the thot may ftrike 
another point G, higher or lower than the former one E 
having found geometnvally the line of projection B K =g, 
and the line of defcent K G, find the value of ¢, and fub- 


. o fa Sie 2 crt 
ftituting it in the equation BK=g=- ae ; thefe two equa- 
r 


tions will give the values of ¢ and r. 

Suppofe, in the firft initance, that BD=1820 feet, and 
D E=36 feet; and, in the fecond, B K=3.37 feet, and 
K G= 144 feet: then fubftituting thefe numbers in the firft 

> erxd cae 
formula, 1820= — 7P3 and again in the fecond, 3237= 


red from thefe two equations, c= 1348 feet, and r=12. 
In firing againft the height, R H (PI. 6, Fig. 18) having 
fired one round from A, in the direction AM; the gun 
fhould be advanced to L, or retired to P 3 and, from one of 
thefe two ftations, a fecond round fired with the fame eleva~ 
tion Rage whenever it is altered, the initial velocities differ 
(154). M 
168. The elevation AD, (PI. 6, Fig. 21) and the 
initial velocity =c being given, and the value of r and of 


the line of defcent BD being known, to find the direction 
“M3 and 
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and the quantity K B of compound velocity, with which 
the fhot ftrikes the point B. 

From B D deduce the value of ¢; and by the formula x 
= 32.18¢ of the velocities in the times through the move- 
ment of gravitation (Treatife on Moving Bodies 283) find 
the value of «, which fet off from B to H: from the point 


+. 
H draw H K parallel to D A, and by the formula V= ow, 
(162) find the remaining velocity = V arifing from the 
movement of impulfion after the time #; then by oe off 
its value from H to K; and drawing the right line BK, it 
will give the direction, and the quantity of compound velo- 
city which the fhot has at the point B. Let BD=144 
feet, then ¢=3, and 4=32.18x 3=96=BH ; and fup- 
1350X13° 


13+3 
=8o91 feet ; and fince the 4 BHK is equal to the 4 
BDA which is known, the dire&tion will be found, and alfo 
the quantity of compound velocity B K. 


pofe c= 1350 feet andr=—13; then HR=V= 


2 
169. A combination of the formulas gin gete ee : +g 
2 
Et £ (163) will give the equation S == 
2,1 


, 


oe Seer a appertaining to the curve of the fecond 
kind (155), by means of which all the preceding problems 
may be foived, For example, if the initial velocity be 
known, and the value of r of a fhot of given calibre be re- 
quired ; it will be fufficient to fire a round in a direction 
A D correfvonding to the given velocity ; and fuppofing the 
{not ftrikes in B, by finding geometrically the values of the’ 
line of projection A D=q, and the line of defeent BD=S, 
and fubftituting them in the equation of the curve, it will 
give the valuc of r, Again, to tind the initial velocity, and 
the value of r; it will be neceffary to make two experi- 
ments with the fame charge, and at the fame elevation (167) 5 
in each of them the values of the lines of direction and de- 
cent muft be found and fubftituted in the formula S= 
32.18 


2 
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=, whence the values of ¢ and r may be 
cr—q 
ced. 
he application that will be made in the following chapters 
e doctrine here Jaid down on the unequal movement of 
lfion (161) will enabie us with: a moderate fhare of 
tment, to derive the greateit advantages (141) from 
fe of aztillery. 
o. To determine the curve of the fourth kind; when 
efiftance of the air to the two unequal movements that 
itute it is great, and the ranges are long ; it is neceffary 
ike a courfe of experiments, which from the continual 
ion in the ftate of the atmofphere, and other circum- 
‘8, are very tedious, and require much accuracy and 
igence in thofe that carry them on. As I had not an 
‘tunity of making all the experiments I deemed fatif. 
‘y on this head, 1 have here only Jaid down the funda- 
al principles, that others may be enabled the more 
to profecute the enquiry. Among the different methods 
nay be taken to determine the laws of this curve (156), 
slowing appears the beit. 
wufe an elevated fituation, where the gun may be turned 
y fide; fo that the fhot may feverally ftrike points, one 
‘ the other, in fuch a proportion that the lines of defcent 
1¢ 848, 1696, 3046, 5088 teet. From this fpot fire © 
} rounds in a horizontal direction towards the fame 
', with a charge that gives a known initial velocity, in 
to obrain a medium of horizontal ranges and of lines 
fcent. Perfons fhould be ftationed at different parts 
econd watches, to reckon exactly the time that the fhot 
from the inftant they fee the fmoke of the gun, till it 
the ground. Having found the mean of the two 
ments of impulfion and gravitation, turn the piece 
ds another object, in order to obtain a different me- 
then towards a third and a fourth, with the fame 
itions as before. 
efe experiments fhould be repeated with a gun of a very 
mt calibre, with the fame care and attention (156), 
re refults may not be affected by the variations of the 
here. Shot much lighter than the common fhot may 
de for the occafion, by fufpending in the center of the 
a {phere of well-tempered clay, which will be thus 
M 4 com~ 
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completely enveloped by the melted metal ; the refiftance of 
the air to thefe proje“tiles will be much more fentible. If 
this holiow thot be to a folid one of the farue diameter, as 
she weight of a fhel! full of powder is to a fhell of the fame’ 
diameter caft folid, the refults may be applied to mortars in a 
much more fimple manner. 

Aner the experiments, conftruc two fcales for each gun : 
one for the {pace paffed through during the time of a re- 
tarded movement of impulfion ; the other for the movement 
unequally accelerated by gravity. The laft {cale fhould give 
a curve convex towards the direétrix. The two fcales may 
be analyfed in the manner above fhewn (158, 159, 160); 
and if the experiments have been made with care, the equa 
tion of each movement will be fo exprefied as to ferve for 
all the different {tates of the atmoiphere. 

171. While the ftate of the atmolphere remains the fame, 
the refults of the experiments (170) will be conclufive, if 
they have been carried on with proper attention: but the 
fame inference muft not be drawn in the former cafe (157). 
For if a gun be fired from the different heights A, L, H, 
(PI. 5, Fig. 16) and the lines of defcent GK, PF, ZX, be 
very confiderable as 848, 1696, 3046, and 5088 feet, the 
refults will be falfe and inconclufive, even if there be no 
alteration in the ftate of the atmofpuere ; 

1. Becaule thot fired from different heights are op- 
pofed by air of diTerent dentities 5 the law therefore of the 
inflammation and explofion of powder is altered, though 
the quantizy be the fame: of courfe the initial veloci- 
ties will differ. 

2. The lines of defeent GK, PF, ZX, and the 
lines AK, FL, HX, which expre’s the movement of 
impulfion, traverfe in aa inverle order the air which is 
of different denfities at ditheren’ heights ; whereas by 
firing always frum the fame piace LH (179), the thot 
will at the ni geaze firike the points M, B,E, T, 
with corvefponcine lines of defeznt; and traverfe the 
airin the natural oder; the hues which exprefs the 
Movement of ipulfen wii be in the direction HX. 

To afcertain the mod:fications that take place in the 
inflammation and explofion a. powder, and in che refiftance 
of the air (9 projectiies, owing to alterutions in the ftate of 
the atmofphere. the following experiments may be made: 
Let a inufquet ve tired very ciofe to a burt in the bottom of 

a valley ; 
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a valley; and another be fired with an equal quantity of 
powder of the fame quality againft the fame butt, at the 
diftance of 675 feet : at the fame time let another perfon, at a 
place 5000 or 6000 feet above the former fituation, dilcharge 
a bullet from a mufquet of the fame calibre equally charged, 
and at the fame dittances as the former one, againft a butt 
equally homogenous and confiftent : the penetr.tions will be 
much deeper from the mufquet fired near the butt at the 
foot of the mountain, than from that fired near the butt at 
the higher fituation ; but will be much lefs at the diftance of 
675 feet, than from the upper one at 675 fect. Thefe effets 
were fo fenfible in the campaigns of 1743, 1744, and 1747, 
in the Arps, that there were days when the mufquets fired 
at the top of the mountains ranged + more than the fame 
mufquets at the bottom’: fometimes the mountains were 
enveloped in thick clouds, while the vallies beneath were 
perfectly clear; at other times the atmofphere in the vallies 
was loaded with vapour, while thofe on the heights enjoyed 
a cloudlefs ferenity : in fhort, fo great and frequent were the 
alterations, that the experiments of one day bore no analogy 
to thofe of the next. 

172. To determine in another manner the Jaw of each 
of the unequal movements that conititute the curve of the 
fourth kind ; let a gun be frequently fired from a horizontal 
plain PAK, (Pl. 6. Fig 18.) at the foot of a mountain 
KTH, with the fame clevation K AM, and with a charge 
that gives a known initial velocity. Fire fome rounds from 
A, fo that the medium of the lines of defcent may be from 
600 to 700 feet: fire again from P, at a greater diftance 
from K the foot of the mountain, that the thot falling in I, 
the lines that exprefs the movements of impulfion and gra- 
vitation, may be longer : remove the guns ftill tarther from 
K, and fire as before; and, having taken the mean refult, 
retire the gun to a ftill greater diftance rrom the mountain, 
fo that the thot falling on the planc PL, may give the 
Jongeit lines of projection and defcert poffible under thefe 
circumftances; always uling a fecond watch to mark the 
rime of flight of the thot; and, taking every precaution 
to know whether the ttate of the atmofphere renain the 
fame. From thefe relults two f{calzs zppiicable to the ufes 
before expreffed (1 70) may ke contru.ced. Experiments 
conducted in this manner cannot be very erroneouw, bat, 
their refults are more complicated than the others, (170) 

fince 
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fince the fhot in afcending, paffes continually from a denfe 
to a more rarified medium, while the reverie takes place 
when the fhot deicends. 


CHAP. IL 


Or THe Errects or CANNON SHOT ON WorkKS. 


177. LHE ufe of heavy artillery (64) isto ruin and 
demolifh permanent iurtiticaions and works. 

In the attack of fortrefles, 32 prs. are ufed for battering 
in breach, when the ramparts are of great folidity ; but, 
from the great expence attending thefe heavy guns, and the 
difficulty of tranfporting them, 16 prs. ferve for difmount- 
ing the artillery in the outworks, and beating down the de- 
fences. For richochet and hot-fhot firing, 4 and 8 prs. are 
ufed, as they require lefs ammunition, and fewer men to 
work them. 

In the defence of places, againft which the befieger can 
eftablifh any number of batteries he pleafes, the proportion 
of 32 prs. fhould not exceed a third of the whole number of 
guns in the garrifon ; as § prs, ‘ill ferve for firing againft the 
opening of the trenches, and 16 prs. againft the approaches : 
but, if the fituation of the ground be fuch, that the artillery 
of the place has a decided fupericrity over any ba:teries the 
befieger can erect ; then, to take full advantage of this cir- 
cumttance, the number of 32 prs. fhould be increafed : long 
4 prs. will keep the enemy in refpect around the place, and 
a few fhort light pieces (66) may be held in readinefs for 
making tallies. 

174. To ufe fire-arms to the greateft advantage, the 
effect of each thot fhould be obferved: (141) for this 
purpofe ; 

1. The guns and carriages fhould be conftructed 
with the utroit accuracy. 

2. The guns fhould be ferved with care and judg- 
ment, and placvJ at a proper diftance from the objects 
intended to be battered. 

175- In the former part of this treatife, the principles of 
the beft con{truciion for guns were fully explained: but, as an 
officer is fometiincs obliged to ufe guns defective in fome 
material point, he ought to confider by what expedient he 

can 
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ean beft remedy the defect: the charge fhould be leffened, 
when it proceeds from the want of proper weight in the 
gun, or of a due thicknefs of metal in the breech. 

The knowledge of an artillerift fhould be both theoretical 
and practical: to afcertain the nature of the curve de- 
{cribed by a projectile, develope the caufes that influence its 
formation ; thence deduce rules applicable to the various 
cafes that occur on fervice, and be able in the beft and moft 
expeditious manner, to repair any accident that may hap- 
pen, is the part of the theorift, and of the officer. The 
non-commiffioned officers and foldiers are inftru@ed in the 
part purely practical : they are taught 

1. To load the guns in a regular and uniform manner, 
and to ram the wads when the fame charge is ufed, 
with equal force; a negle& in this point is the caufe 
of great irregularity, particularly when the guns are 
depreffed. 

2. In laying the gun, to remove every obftacle that 
can tend to derange the firing. 

3. Having by two or three rounds afcertained the 
dire@ion for hitting the object, to continue it without 
variation. 

176. That the gun may be placed at a proper diftance 
from the object (174, No. 2); the fhot’s path mutt be con- 
fidered, and allowance made for every circumftance that can 
affect the range: the relative fize and pojition of the object 
mutt be particularly attended to ; for, when it is much higher 
than the gun, though very diftant and narrow, it is more eafily 
hit, than when lower and of greater extent; fo that the 
lower the object is, the nearer the gun muft be brought to 
it. In the attack and defence of places of low profile, the 
height of the works againft which the fire is directed in the 
firft part of the attack, does not exceed 7 feet, as the para 
pets, the exterior of the embrazures, the heads of faps, &c. 
The greateft diftance at which guns fhould be fired againft 
fuch low objeés, has been fixed in our military treatifes, 
at 680 yards. 

177. After hitting the object, the next point is to con- 
fider the degree of force requifite to overcome its refiftance : 
for, if this be fuperior to the impetus of the fhot, no eifect 
will be produced; and, when greatly inferior, it may be 
fometimes proper to diminifh the force of the projectile, 
in order to produce a greater effect, and ayoid fpoiling the 

; guns 
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guns before the fiege is over, by firing with large charges, 

_ Whe following confiderations may perhaps afhit an officer 
commanding a battery,.in forming his judgment on this 
occafion. 

1. The largeft charges are only ufed when a great 
force is required, and exactnefs in firinzis not abfolutely 
neceffary ; as battering in breach froin the creft of the 
glacis. Wut, in firing from great diftances to difmount 
the enemy’s guns, batter the trenches, heads of faps, 
or other low works, the medium charges are fufficient, 
that the violence of explofion may not produce irre- 
gularities (7, 8, 9). 

2. The lefs, and even the leaft charges will ferve 
for battering towns or villages furrounded with a fingle 
wall, unfu, purted with a rampart of earth; fince a [not 
impinging on a thin wall with great force, makes 2 hole 
without fhaking the contiguous parts: thus it requires 
a greater number of rounds with large charges to 
demolifh them, than if tie charges were diminuhed. 
Should the fituation of the ground permit the gun to 
be laid on an oblique direétion at the objet, the me- 
dium, and even the largeft charges may be ufed : in this 
cafe the effects of the {hot are in the ratio of the angles 
of incidence. 

178. The force of the direct fhock of hard bodies, is cal- 
culated from their mafs multipled into ther velocity ; and 
the tur.ce of the oblique thock, by muluplying the former 
product by the right fine of whe angle of incidence, divided 
by the whoie fine (Vreattic on Moving Bodies). If the force 
=f; the weight of the thor - a, ihe velocity with which it 
impinges =V, the right fine of tie angle of incidence =@; 


then f=mV x is the general formula in which 


a 
whole fine 


the fraction ——-—— is equal to unity in the direét thock. 
whole fine : 

If the value V of the remaining velocity (162) be found, 
the impetus with which fhot of the fame or different diame- 
ters impelled with different intial velocities, impinge on 
objects at diferent ciftances, may be compared. For mn- 
ftance, let the uiftance between the gun and the objcét be 
exjreiled by the line of projection, and in a 32 pr. r=12: 

then 
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then in the direct fhock, the force with which a 32 Ib. thot 
with an initial velocity of 1350 feet, impinges on an object 
placed very clofe to it, is to its force at 4056 feet, as 1350: 
759: and the force with which a 16lb. thot, with an initial 
velocity of 1416 feet, ftrikes an object at the diftance of 932 
feet, is to its force at 3229 feet, as 1226:817. On com- 
paring in the fame manner fhot of different diameters, it ap- 
pears, that the force with which a 32/b. fhot, with an initial 
velocity of 1350 feet, ftrikes an object at the diftance of 330 
fect, is to the force of a 4ib. fhot, with an initial velocity 
of 1467 feet, at the diftance of 3520, as 32 x 1300: 4 x 528 3 
that the force of a 16lb, fhot, with an initial velocity of 1416 
feet, at the diltance of 3886 feet, is to the force of an 8lb. 
fhot, with an initial velocity of 1449 feet, at the diftance of 
350 feet, a8 16% 716:: 8x 1361. If under fimilar circum- 
ftances, the {hocks be oblique, fo that with a 16lb. fhot the 
angle of incidence be 20°, and with an 8lb. fhot 75°, the 
twu fhocks will be to each other: : 16x 716 x 34202:8x 
1361 x 96592. 

179. lu tae preceding paragraph it was funpofed, that the 
compound velocity BK of the thot, when it impinges on an 
object, wes equal to the remaining velocity H K, which is 
in the ratio of tne retarded mation of impulfion: this is 
the caie not only in this pirticular inftance, but in all others 
that do not admit of geometiical precifion. Neverthelefs, 
on alcertaining the vreateit difference that can be between 
thefe two velocities, in the common fcrvice of guns, we {hall 
find it to be too incuatiderable to cccafion any material errors 
for, if the value of the compounc velocity BK be deter- 
mined (168,. the gun having been fired at the higheft 
elevation the carriage will admit of, BK is lefs than H K in 
the proportion of about 3 in the roo; that is BK: HK 
22397: 400; and if the gun be depreffel as much as pof- 
fible, BK will exceed 14K in the proportion of about } in 
the .00; thatis Biz: 4h ::801r: 800. . 

180. Among the feveral works agsinft which cannon are 
fired; there are fome which do not yield :o the moft violent 
fhocks ; a.d others of very flight refiftance. Of the firit 
kind are thofe cut out of the folid rock, the hardnifs of 
which joined to the cohefion is fuch, that the moft violent 
thocks caufe no difunion in the parts. If the weight of the 
fhot=m, the velocity with which it impinges= V and »= 
the objcct impinged on; the whole effect of the fhot ay 

this 
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this work, is a flight tremulous motion in the point of im- 
pact, incapable of producing the leaft feparation of the parts : 
fo ntuch does its mafs exceed the mafs of the thot. There 
is in this cafe no method of making a breach but by 
mining, however tedious or difficult the operation may be. 
18x. There are three ways in which works that yield to 
cannon balls (18c) may be deftroyed : 
1. By feparating the conftituent parts, when the thot 
cannot penetrate. 
z. By penetrating without fplitting or fhivering them. 
3. Or by producing both thefe effets at the fame 
time. 

Tn the firft cafe, the upper parts being by repetition of the 
thocks deprived of their bafe fall down; as in walls built 
very folidly of hard ttones, cemented with mortar: the 
mocre fpeedily to effec this, fhot of the largeft calibre thould 
be projected with the greateft initial velocity, and the 
placed very near to the object, and fired in /al/wos; that the 
feveral fhocks being made at the fame inftant, may be the 
more efficacious. The 64]b. {hot formerly in ufe, were 
well adapted to this purpofe; as they demolifhed the wall 
in a very iittle time, even with an initial velocity lefs by 1; 
than that of a 32ib. fhot; fince from the greaver quantity 
of movement, they fooner feparate and ope: works of ma- 
fonry (Trestife on Moving Bodies, 37>, 371,372). Theie 
obfervations on walls confiruéted of hard itone and lime, are 
in fome devrce applicable to works cut out in foft or friable 
ftone; with this diitirence that the uprer part of the rock 
being by its nature firmly fixed in the ground, is lefs fhaken 
than a wall fupp:rted by earth, which though an adjunét, 
is lictle affected by the fhack ; whereas, the rock being one 
body, the fliock is communicated to its whole mafs ; and is 
fo generally diffufed, as to be almoft infeafible. Suppofing 
the two works to be of equal tenacity, that cut out of the 
rock will fuffer lefs from the fhot. 

182. Works are deftroyed in the fecond manner (181, 
No. 2) wien the thot penetrating to different depths, difu- 
nite the contiguous parts; as in turf, earth, &c. The for- 
mula fS=Dx* (246), ferves to determine precifely the 
penetrations of fhots of different diameters, into works of 
thiskind: the penetration of a 32/b, {hot, which with an initial 
velocity of 1517 feet, impinges on a work of this fort, is ta 
that of a 4lb. thot, with the velocity of 1o10 feet, as 5. 760 

XISZ°: 
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x 1517*: 2. 881 x 1010* (161). If a 32lb. thot (146) 
with an initial velocity of 1517 feet, penetrate a butt of 
earth tothe depth of 20 feet, a4lb. fhot with the velocity of 
1010 feet, will under the fame circum(tances, penetrate only 
to the depth of 43 feet; therefore, intrenchments 5 feet 
thick cannot be pierced 74 4lb. fhot that impinge with 
this velocity. The fame formula wiil determine the dia- 
meter or velocity that fhot ought to have to penerrate a 
parapet of a given confiftence and thicknefs (146): if the 
thicknefs=S be 8.43 feet, and the confiflence=F be 
37046, by fubitituting thefe data in the formula, we fhall 
find that thot which have a velocity of 1012 feet, to pafs 
throu:h this parapet, ought to be 3. 653 inches in diame- 
ter, which correfponds to an 8lb. fhot (161). 

183. To determine the relative penetration of fhot of 
different diameters, fired at different diftances azainft a pene- 
trable and homogencous butt, the remaining velocity = V 
with which the thot from the diftance=-g with an initial 
velocity = c impinges, mult be found from the movement of 


impulfion : for this purpofe the formula g= oe . (161) will 


rtt 
give the time=+f; and, the value of r being given, the 
time may be fubftituted in the formuia V = ay (162). 
r+t 


Having thus found the value of V, the compound velo- 
city with which the fhot impinges, may be confidered as 
equal tothe remaining veiucity (179) without any material 
error; on this principle, the following table of the relative 
penetrations of fhot of diffirent diameters, impelled from 
guns loaded with the largeit and the medium charges, againft 
a penetrable and homogeneous butt, froin four different 
diftances hus been calculated; the initial velocities are as 
before expreffed (152) and from the reiitance of the air, 
ina 3alb. fhot r=12. By firing one round, the abfolute 
penetration of a fhot into a given butt will be determined ; 
and, from the relative penetration it will be eafy to afcer- 
tain the abfolute penctration of other fhot, under the fame 
circum iances into the fame butt. For example, if a 32!b. 
fhot with the largeft charge, fired clofe to the butt, penetrate 
to the depth of 22 feet, an lb. fhot fired with the largett 
charge, at the diftance of 1000 yards, will penetrate only 

: to 
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ta the depth of 6 feet Ifa 16ib. fhot with the median 
charge, fired at the diftance of 340 yards, penetrate 10 feet, 
a 4lb fhot with the medium charge, at the -liftance of 680 
pares, will penetrate only to the depth of 3} feet. 


The relative penetrations of fhot, projected from different 
aittanee, with given initial velocities. 


| 


acai piesa 
Relative Penetrations. « 
ee 


to At At At 
the | 340 | 680 | 1000 
Butt. |yards. | yards. | yards. 


Nature of Guns. 
Weicht of Powder. 
Diameter of Shot. 
Initial Velécities. 


Value of r 


lbs. ox. | Inches. 


2 
5 


32|/13 2 [5-760] 12 1517 33210 | 26355 |20726! 1601§ 
16] 6. 9 | 4-546 9-5'1618'29952/22877 17082 | 12452 
8) 4 143] 3-653, 7:6 1696 aoe < | 18699 13069} 8837 
4| 2. 72/2.881! 6 1729/21 14122| 8902] 5299 
32) 9. 133] — | — 13501262 7 20262 |15356| 11430 
16| 4 143) — ' —1436'2202% J%.754111935; 8255 
8) 3. a3] — | — r45c.1g7ta 13176; 8566, 5338 
Ald ABE], ES Boy 15.4 63! 5458, 2867 


184. To judee of the total efe®s of ihot, it fhould be 
obferved ; thet the lirscz the fnut aiz, (he fconer the upper 
parts are deyrived of their baiz, and rail down. If Dat 
expreffing the penetration of ane be on wuitiphed by D*a 
quantity proportional to the bate of the eyiiedrival cavity, 
made by the thot, Db? U* will e expretid by the fize of 
the hole; that is to fay, the holes mace by the thot are 
in the compound rativ of the weight or the thot, and the 
fquare of its velocity, “The effects of a o4lb. thot i imping- 
ing on a parapet of earth, with a velocity of 1247 feet, are 
to the cficets of a 22lb. thot, with an initial velocity ot 1350 
feet, as 64x 12477: 32 x 1350" arate git 2 5 nearly. 

Hence it appears, that 64 prs. are in both cafes (181) 
more proper for battering in breach than 32 prs. and the 
fole reafon why they are not uied in the attack of places, is 
the difficulty of tranfporting and working then, 


185. Since 
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185. Since folid and refifting bodies are demolifhed by 
the diviiion of their paits, and thofe that are lefs tenacious 
by the penetration of fhot into them (182, 183); bodies 
partaking of thefe two phyfica] qualities, are demolifhed in 
a compound manner (181, No. 3): of this kind are walls 
built of brick or fimilar materials. The effects of fhot on 
walls are much modified by the proportion that the force 
of percuffion bears to the refiftance. When two fhot of 
different diameters penetrate to great depths, the holes are 
in the ratio of D* x? (184): but, if one penetrate to a great 
depth, and the other but a little way, this proportion will 
not be juft ; for, the hole made by the latter, is lefs than 
what refults from the expreffion D? 47; fo that if its force 
be only fufficient to overcome the refiftance, it will bury but 
a fmall part of its circumference. Hence it is eafy to com- 
prehend, why fhot projected from 8 and 4 prs. are fome- 
times infufficient to beat down walls of this kind; while 
that they produce all the effects expected from them, when 
fired againft other walls. “Ihe direction of the fhock, con- 
fidered relatively to the rhicknels of the wall, likewile con- 
tributes to modify its effects : a fhot that with great impetus 
impinges with a direct thock on a thin wall, pailes through, 
and only makes a hole, without thaking or difuniting the 
contiguous parts: but, if a wall of the faine quality be thick 
enough to reccive all the f. rce of the fhot, it, befide making 
a hole, fhakes and Joofens the rett of the wall. A fingle 
wall is fooneft demolifhed by firing azainit it directly with 
{mall charges, or obliquely with large ones; fince the fhot 
not being able to pafs through, it receives all its force : the 
fervice of artillery in richochet and hot-firing, is difcuffed in 
the fubfequent treatite, 


CHAP. IV. 


Or rue Errects or Cannon SHor in ENGAGEMENTS, 


186. In forming a train of artillery for the fervice of 
an army in the field, there are feveral points to be confi- 
dered : the nature and difpofition of the ground ; the kind 
of war that is to be carried on ; the intended plan of ope- 

rations 5 
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rations ; the number and quality of the treops that compofe 
the army, and their manner of fighting. 

A general commanding an urmy, thould be acquainted 
with the effects of artJlery, that he may know when it can 
be employed to advantage ; and how far, when judicioutiy 
and fkilfully ferved, it can contribute to the attainment of 
his object (141, 142). 

187. Incountries where the tranfport of carriages is attended 
with no great difficulty, the train of artillery that march with 
armies, are compoied of medium guns, caft of metal con- 
taining + of tin, a..d carrying balls of 16, 8, and qlbs (64). 
Thefe guns are divided into brigades: the hezvieft thould 
not weigh more than 32 cwt. as the bridges cunftructed by 
the peafants for their carts and wagons can feldom fupport 
a greater weight: betide, if the road be not hard, or have 
been fpoiled by preceding rains, it will be impoffible to move 
heavier cuns, even at the opening of the campaign; and, 
in autunin, when the roads are generally cccp, the cattle will 
be exhaufted with the fatigues they have already undergone. 
Therefore, the fpecies ef artillery fhould be always adapted 
to the nature of tee cauntry. 

In carrying on vitentive operations in a champaign coun- 
try, the train of artillery fhould be compofed of 8 prs. ; to 
which may be added a few 15 prs. for ovcafiens of great 
exertion: there fhould be a few thort light suns (g7) to 
accompany any corps Gf the army that ray Le deilined by 
rapid marches to full on the enemy’s con..s cr cut off their 
detachments. In deze hilly countries, {hort 8 and 4 prs. 
fhould be «he heavic& cans uted: inuced, an exact know- 
ledge of the nature of te country is the bed ruie for deter- 
mining the calibre as well . s number of the guns. 

When te army is to ren. “non the defenfive in a coune 
try where the roads are toicr... ¥ level and good, and there is 
no great probabiiity of being obi. -d to make very long move- 
ments, the number cf 14 prs. ficuld $+ oreater than would 
follow an army acing cvenfively in the ..u. country ; but 
if this defenfive fvitem be carried o1 in + 4rong country, 
where the tranfport of carriages is dificult, «..? long and 
rapid marches may be indilpentibly necetiary ; the birzades 
of artillery fhould be fo conftituted as cafily to keep up with 
the army. Any poft that the general may wit to occup 
and inaintain during the campaign fhould be provided eri 
guns ot large calibre (71). 


Having 
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Having already treated of the nature and importance of 
thefe pofts in the 6th Book of Military Architecture, I ieave 
it to the profeffors of the academies to explain them fully to 
the cadets of the royal corps of artillery ; that being equally 
matters of the principles of tactics and fortification, as of 
their own profeffion, the fervice may on every emergency 
reap the greatett benefit from their knowledge and exertion. 

188. Thefe guns are able to bear the largeft charges ; yet 
they fhould not be ufed but in cafes of abjolute neceffity and 
when they cannot derange the firing: in all other cafes, the 
charges ought to be proportioned to the initial velocity that 
the projectile fhould have to produce the defired effect. For 
example, the medium charge may be ufed in enfilading 
columns of troops; as the fhot from its greater velocity will 
detiroy a greater number of men: but if the lefs charge will 
impel the fhot from front to rear of the column, the medium 
charge would ferve no other purpofe than unneceffarily to 
heat the gun. Againft an enemy drawn up three or four 
deep, the lefs charges fhould be used ; as the leaft charges 
may from fome neglect in wadding be uncertain in their 
execution. 

189. From the defire of firing quick in ation the greater 
part of the thot do not take effect; fince in working the 
guns with fuch precipitation, there will moft probably be 2 
want of attention in loading, laying, or fome other effential 
point. ‘The frequency of tiring fhould be regulated by the 
certainty of doing execution ; thofe who are actuated by any 
other motive fruitrate the defigns of the general, and are the 
caufe of all the bad confequences that may enfue: they can 
neither be juftified by the anxious defire that the troops ex~ 
prefs to fee them fire quickly, nor by a chimerical point of 
honour, which is by fome individuals abfurdly placed in 
firing fo many rounds ina minute. Whenever the diftance 
is fo great or the object fo fmall. that the chance of hitting 
it is very uncertain and precarious, it would be much better 
to ceafe firing and wait till by a nearer approach or by fome 
movement of the enemy, an opportunity offers of doing 
effectual execution. 

190. In engagements, the enemies troops are the objects 
againft which cannon fhot are directed ; it is therefore highly 
neceffary to know the effects that fhot of different diameters, 
and with different velocities, can produce upon a body ot 
troops, according to the diftances at which they engage 3 

N 2 otherwile, 


ai, 
: es 
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otherwifé, the artillerift will in a variety of circiimfances be 

wnable to ule his gun to the greateft advaniome (14) ). 

-», Ig firing at infantry, the height: above ‘i plane of te 
id. is about 6 feet, and in firing at cavalry not more 
10. feet; wherefore thie diftance thould never exceed 

68a y: except when the enemy js drawi up fo deep, that 

“ can hardly fail of taking effect. - 


he execution of cannon fhot.in action is eflimated from — 


' the number, of men that are killed, or wounded in fich « 
manner as to be difabled from further immediate fervice > it 


ig unneceffary to confider the depth of the wounds; as a 
* man ftruck by a cannon ball is generally incapacitated, at 


4 


leaft for. the prefent. The, great objet of the artillerill “i 


“f te endeavour to firike with each foot the create/t number of 
S° men poffible” (141 142): this depends ; 


1. On the difpofition of the enemy, and the nature — 


# of the ground. 


‘2. On the calibre of the guns and the judicious ult 


. .. Of round or cafe thot: # 

3- -On the velocity with which the fhot are impelled, 
and the diftance between the battery and the enemy. 

- 191. There are two cafes with regard to the nature of the 
ground (190 No. 1); the firft, when the two armies are 
drawn up on ground nearly on the fame piane: the fecond, 
when they are on planes differently inclined. When th 
are both on the fame plane, whether horizontal or inclined, 
the furface expofed to the fire of the cannon is a part of the 
firft line ; fhould this be the head of a column, or the flank 
of a body of troops ranged in order of battle, the fhot by 
enfilading them will be very deftructive. But if the enemy 
be drawn up three or four deep in front of the gun and 
within proper diltance, cafe fhot will do moft execution ; 
fince a round fhot can in this cafe, only carry off a file of 
three or four men, whatever be its diameter or velocity. 

192. When the two armies are on different planes, the 
execution of the artillery muft depend on the extent of front 
and depth of files: on confidering the principal cafes that 
can occur in the two general difpofitions of an army, viz. 
drawn up in column, or line; it will appear : 

1. ‘That if the enemy be drawn up in column on the 
flope GF inclined towards F, the head only of the . 
column G (PI. 6. Fig. 21.) will be expofed to the can- 


" 
| 
i 


j| 
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non A: cafe fhot will then be preferable to round thot, 
if the dittance A G admit of it. 

a. If the column be on the flope GE inclined to- 
wards E or on the height NBM; it will prefent to 
the cannon A an object of great extent, and be from 
its fituation very much expoied: the clofer the ranks 
are, and the deeper the colums, the more deftructive 
will be the fire of the artillery. 

3. If AB be within range of cafe fhot, its greateft 
effe@t will be at NB M, where from the divergence of 
the fhot cach may {trike a man; while that in Gr E 
much nearer to tiie gun, the fhot not havinz had tine 
to fpread, cach man will be (truck by two or three, and 
the execution will of courfe be lefs. ; 

4. When the column reaches the horizontal plain 
PE, it will fuffer lefs than in the former fituation : if 
A and PE be nearly in the fame plane, fewer men 
will be expofed than at AP: the cafe fhot fhould then 
be compofed of balls of the largeft diameter that each 
of them may kill or wound more than one man; and 
then every ball that ftrikes will enfilade the whole dif- 
pofition. If PE be lower than A, fo that the guns at 
A mutt be much depreffed ;_ cafe fhot compofed of the 
{malleft balls will be the beft ; fince from the greater 
number their effect will be equal to that produced in 
the former inftance by the large balls; there being in 
this cafe no probability of eftablifhing an e:.filade. 

5- The enemies army drawn up three or four deep 
upon the height G will be expofed to the fame danger, 
as when in column on the flope G F ;_ but by retiring 
a little, G will ferve as a parapet, under the cover of 

’ which they may fecurely fire at A. 

6. Should the enemy be drawn up three or four 
dcep upon the flope E G, the greatelt effect of a round 
fhot will be to carry off a file of men even when the 
ranks are very clofe: bur if there be a confiderable in- 
terval between them, cafe fhot, when the dittance admits 
of it, will be moft defiructive, both in this inftance and 
when the enemy has advanced to the horizontal plain 


193: The direétion in which guns fhould be fired depends 
m the initial velocity of the thot, its diameter, and the di- 
N 3 ftance 


° 
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‘fiance from the enemy ; the formulas eo, s= 

~ (165, 166) will give a folation of the problem. 
: : ( The cuales ok Gime artillerifts, that guns in time of 
oe a&ion oughtialways to be fired horizontally, or at molt wit 
ate & of elevation, can only’be juit in particular cale} 
“the ing example will evince the necellity of fometimes 
a2: deviating from this maxim. Let the gun AB (Pi. 5 
, | . Fig. 14.) be fired in the horizontal direction AC with the 
y ° ‘Gharge that gives an initial velocity of 1416 feet ; and from 
= the refiftance of the air,r=g.5. Now iupeoniog cu) 
- “and the enemy to be in the fame horizontal plane ; KG 
reprefent the vertical diftance between the two planes AG) 
; DF; KG will then exprefs the fpace = 5 pafled throw 
.- by the power of gravity, and by fubftituting the value of RS 


“in the formula S= = fit will give the time of the fhot's 
@ight before it touch the ground in the plane DF : then by 
fubftituting in the formula = the known value of 4 


the extent of the range AK=D G=zq will be found. For 
example, .f K G=5} feet, the time==t will be 56 parts of a 
fecond ; and by fubitnuting the values of c,r,¢ in the for — 
mula, g==760 feet. To ftrike the ground then in the — 
fame plane DF at a greater diftance, the gun mult be 
elevated in proportion to the increafe of diftance ; fhould the 
* enemy be at (+ where the thot touches the ground at the 
firft graze it will only ftrike his feet ; to hit him in the brealt 
the gun mutt be elevated. - 
194. The more clearly to explain this theory, and enable - 
others to apply it to the practice on feveral occafions that 
occur on fervice, the following table has been calculated: the 
gun and Lutt are fupj-ofed to be in the fame plane, and from 
the refiftance of the air r=12 in a 32lb. fhot; the wads are 
yammed with equal force and in the manner before exprefied, 
(43> 150) 5 except in the quick firing, when none are 
[4 . 


32.18 
2 


Angles 


Angles of Elevation for firing Guns of different Lengths and Calibres with different Charges of Powder, 
to project Shot to different Diftances. 


Diftant from the Butt. 


Nature Initial £ 1900 Yards. 
of eight of Powder.| Velo- | Line of | E]eva-_ Eleva- ) Line of | Eleva-_ 

Guns. city. | defcent. Defcent. | tion. | Defcent. | tion. 
. Pre tbs, 0% Feet. In Feet, da. | Deg. Min. | Feet. dn. |Deg. M¥in, 
§ 32 9 13%] 1350} 10 6 48 oF) © at) 320 —f{ 27 
r=] 16 4 14411416] 9 9 46 4] 1 wi} 10 — | 2a 
gg 8 3 Z [1450] 9 8 48 —|{ © 21] 130 —] 2 29 
bd 4 ¥ 10% | 1467 | 10 — 52 9} © 2B] 3160 —| 3 — 
ZS | 16 3 10] 1240 | 13 — 63 7) 1 47] 169 6) 3 14 
= 8 2 7% | 1265 | 13 — 67 4] 1 53] agt —] 3 38 
o lt 4 r 34] 1283413 6 55 —| 2 61236 —| 4 30 
ce 2 7%] 1206] 14 6 76 —| 2 8j220 —| 4 Xr. 
5 4 Y 34] 1222) 15 — $6 10] 2 26 | 278 —{ 5 17 
Js 8 I 10%] 978 | 23 6 133 —| 3 441425 —| 8 6 
BL) 4 — 13%] 978] 25 7 164 6] 4 36 633 — [Im 55 
a 8 without{ 1 10% | 675 | 57 3 405 —| 11 13 1843 — | 3n 34 
4 wads. (— 134] 675) 65 7 596 —j 16 18) — mf — oe 


*satTi~oaloud ao 
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195- Many practical inferences may be deduced from this 
table ; 

x. Guns of the common length loaded with the me- 
dium charge thould be elevated half a degree above the 
horizon to range 340 yards, and 1° 20 to range 680 
yards ; the elevation muft be greatly increafed to range 
xooo yards. The lefs the calibre of the gun is, the 
higher mult be the elevation. 

2. The elevation of fhort guns fired with the lefs 
charges muit be greater than of guns of the common 
Jeng'h to ranze the fame diftance. 

3. Ifa fhort 4 pr. loaded with the lefs charge, range 
1000 yards, the line of defcent is 278 feet ; wherefore 
the fhot’s path being a curve of the fourth kind, it will 
do much lefs execution in enfilading troops, than fhot 
fired from guns of the common Iength whofe path is a 
curve of the fecond kind. 

4. The elevation of fhort guns Joaded with the leaft 
charge increafe in the ratio of the diftince: thus the 
curve defcribed by fhot fired from 8 and 4 prs. to the 
diftance of rooo yards is of tne fourth kind ; from the 
angle of incidence they can be of no fervice in enfilading, 
and are very uncertain: the angle of incidence ‘ 168) at 
the diftance of 100+ yards being much larger than the 
anzle of elevation, if the (hot fall on fcft ground they 
bury themfelves at the firlt graze. 

5- Shot fired from thert guns with the leaft charges 
and without wads, which range only 680 yards, allo 
defcribe a curve of the tuurth kind; they are confe- 
quently ulviefs in ennladinz, and their cxecution is 
un certain, 

6. it to thefe reflections be added the confideration, 
that in pointins (hort guns the cye is more catily de- 
ceived, from the proxiniity of tie two points of fight, 
than is Jonger enns 5 and that in the latter the angle of 
elevation p.iiy [efs, the angle of incidence is lefs alfo ; 
fo that the thot on toucasng the ground rife and from 
their richo lit are very dangerous: it will ve evident 
that to detive trom the ufe of artillery the gceatett pof- 
finle advantages, long guas fhould cver be preferred to 
far ¢ ones of the fam: cai:bre. Uhe good eflects refult- 
ing truin tis will be mure fully difplayed in the fecuel. 

196. To 
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196. To form a comparifon of the effects that fhot of 
different diameters with different initial velocitics produce at 
different diftances on a body of troops; they muft be 
confidered as a homogenous butt: then the formula S= Dx* 
(183) will give the selative penetrations. The abfolute 
number of men that a fhot with a given initial velocity will 
pafs through may be determined by experiment. 

The relative penetrations in the following table have been 
calculated on a fuppofition that trom the refiftance of the air 
r==12.in a 32]b. fhot, in order to cotpare together the 
number in this and the preceding table (183). The cal- 
culations are not carried beyond 680 yards, which is confie 
dered in field engagements as the greateft diftance that fhot 
ean range to, with a certainty of doing execution ; in extra- 
ordinary cafes indeed, when the nature of the ground and 
the pofition of the enemy are very favourable (192), the 
range may be extended with tolerable fuccefs, 


The relative Penetrations of Shot projected from different 
Diftances with given initial Velocities. 


Nature of Weightof [EE)} 25] at | At 
Guns. Powder. ES} $9 | 340 | 680 
- “> | OS |yards.| yds. 

Com- [16 11878 | 8509 
mon 8 9360 | 5743 
length. & 4 6754 | 3479 
8 8358 | 4919 

4 5933 | 2944 

Short 8 4874 | 2450 
Guns. | 4] | 3230 | 1271 
| § without 1738 | 427 

4 | wads 1024| 251 


197- To reduce into numbers the relative penetrations 
imfcribed in the tables (183, 196), make the following or 
fimilar experiment: with a charge that gives a known initial 
velocity, fire a gun againft a butt, and meafure the penetra- 
tion of the thot: then place two horfes or other cheap 
animals clofe to the fame butt, and lay the gun fo that the 
fhot after paffing through the moft folid parts of their bodies 

may 
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may enter the butt : on meafuring the penetration, it will be 
found lefs than the foriner; and by comparing them together, 
the number of horfes that a fhe:+ of a given diameter, with 
the fame initial velocity, could pafs through, may be aicer- 
tained. On comparing the relitance ot a horfe’s, with that 
of a man’s body, the number of men that the fame thot 
would pafs through may be ealily caiculated. An & Ib. 
fhot, with an initial velocity of 1450 feet, will pafs through 
20 horfes ; and in this table it is presumed on tolerably juft 
grounds, that the fame fhot wouid pafs through double the 
number of men, even if it truck the moft fotid parts of their 
bodies ; the number therefore that may be ftruck in lefs re- 
fifting parts of the body and ditabled muit be greater, and 
may even exceed twice the number of the former. The table 
has been deduced from the former proportions (183, 146). 


Number of Men that can be pierced by Shot projeGted from 
different -Diftances with given Initial Velocities. 


“w/o 
Nature of Weight of | 3-2 loz! Coys 
Guns. Powder. 23 eo ME | OB 
So 02 2S) 4s 
> on ae 
| We. : No. Ne. 
Ibs. ox Feet. Atn., Men. Men, 
32 13 2 | 1517 | 70 | 5$ | 44 
16 6 9 | 1618 ' 63) 48 | 36 
= 8 4 142 | 1096; 55) 39 28 
Bo} 4 2 7h | 1720) 45 | 30 | 19 
wy | 32 9 132 | 1352) 55143 | 32 
c 3 16 4 142] 1416 | 48] 35 | 25 
£ 8 3 4% | 1450 | 40 28 18 
—E1 4 1 rof | 1467 | 33) 20 12 
rs} 16 3 10F | 1240 | 36 | 24 | 17 
8 2 } | 1265 : 31 | 20 13 
4 xr 3i | 1783, 251 14 8 
ot 8 2 7% {1 1206 ; 28] 18 1X 
£1 4 I 3h} 1222 | 234 33 7 
oJ 8 1 ro} } 978 | 19 | 10 5 
1 4 ; — 13% | 978 15] 7 3 
=| 8 | withou: { r 10% | 675| 9} 3%] + 
wml 4 wads. L— 13¢ | 675 | 7] 2 vr 


198. Several 
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198. Several inferences of great practical utility may be 
drawn from this table: 

1. Guns of large calibre fired at very fhort diftances, 
with the large or even the medium charges againft a 
corps of troops expofed to be enfiladed, will caufe much 

"more flaughter than 8 or 4 prs. efpecially if fhort with 
the leaft charges. 

2. The relative effects of guns of different natures 
increafe in the ratio of the diflances; and there is greater 
‘difference between the calibres of the guns and the 
charges of powder. 

3. Guns fhould never be fired without wads, except 
in particular cafes, and when the enemy is very clofe. 
Thus when g prs. or fhort guns compofe a field train, 
it is not becaufe they are equal in their effects to longer 
guns of large calibre, but only becaufe heavier guns 
cannot be tranfported with the fame facility. When 
part of an ariny is to remain on the defenfive in a fixed 
poft, the fame arguments will evince the propriety of 
giving the preference to longer guns of large calibre. 

199. If the enemy troops be drawn up three or four deep, 
the effects of an oblique fire will be greater in proportion 
as the angle of incidence on their front is more acute; fince 
the refiftance not being fufficient to turn the tho, it will 
penetrate in the direction in which it impinges. On the 
contrary, the effect will be les, the nearer the angle of inci- 
dence approaches to a right angle; fince it will then only 
deftroy a fingle file, whatever be its diameter or initial velocity, 
In this cafe, if the two armics be within reach of mufquet 
fhot, the fituation of the artillery-men will be very perilous; 
for eight paces at leaft mult be left between every two guns, 
to give the men room to work them ; each gun is then ex- 
pofed to the fire of cight file of mufqueteers; or in other 
words, each artillery-man to the fire of three or four muf- 
quets. Thus at a fingle difcha ge, all the artillery men may 
be killed or wounded ; while one round from each gun can 
only carry off a fingle file of the enemy: when hal; of the 
artillery-men are wounded, the gun muft ceafe firing ; hut 
the fire of the mufquctry will be inceffantly kept up, in pro- 
portion to the number of men that remain, 

200. The fluid generated in a piece of ordnance is fo much 
the more abundant and elaftic, as the body it muft impel 
towards the muzzle is heavier ( Treatife on Powder )« 


Whence 
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Whenee it is ealy to conceive; that in potting tre thous 
into a gun, the velocity of each mutt neceffarily exceed half - 
of the velocity. that one thot with the (onae ¢t would 
acquire ; and the quantity of motion of the fingle thot is 
Jefe than the fam of the quantities of motion of the two thot:: 
whe paling tough th pireyes adapta aralpory 
fing’t the men and horfes being fu tobe .. 
rye t, the equation S=:Ds* which exprefies theeffeGs—: 

muft be changed ; and to make up the excefs, . 4 

the initial vlocky of each & the other two fhot mut exceed - 


av 4; and each fhould ftrike a feparate file: tx Breer, 
portion between the initial velocity acquired by one thot 
| fingly, and that acquired by each two thot are fired»; 
- fogether with equal charges, can nly be determined by ex- 
periment, as it changes. whenever the charge is altered ; but“ 
it may be remarked, that in practice the velocity of each of 
"the two thot is lefs than » v/ £: wherefore the expedient of “: 
" putting two thot into a gun can be only advantageous when - 
‘the enemy is drawn up in fuch a manner, that each thot : 
has fafficient velocity to carry off a file. For example, fup- 
fe the enemy be drawn up eighteen deep, and each of two. 
fired + er from an 8 pr. could ftrike a feparate file 
’ with an initia velocity of 978 feet, each of them would de- 
ftroy 18 men (197): under this fuppofition there would be 
x men deftroyed by the two fhot ; while a fhot of the fame 
tameter, fired fingly with an initial velocity of 1450 feet, 
could deftroy only 18 men; then its remaining velocity fulfi- 
cient to deitroy 20 more would be ufclefs. 


CHAP. V. 


@r tue Errects or Case or GRAPE SHoT IN 
ENGAGEMENTS. 


201. Ture are feveral kinds of fhot that come under 
this head: one is formed of fmall pieces of iron of different 
fhapes and fizes put into cylinders of tin or pafteboard ; the 


bafes of which are clofed by two circular pieces of wood. 
A fecond 
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A fecond called cafe fast, is compofed cf fraall iron balls put 
into tin cylinders; or regularly difpoted in linen bags fattened 
to a wooden bottom, in the middle of which is a fpindle, 
and wound round with coid or wire; the latter prefent the 
appearance of a bunch of grapes, and are called grape fast. 
Thy. firft kind is generally ufed in the defence cf places 5 
and Bred from the low fianks, where in fpite of their diver- 
gence they are ufetul in fcouring the ditches and counter- 
fcarps: tlie refiftance of the air, from the irregularity of their 
ficure, renders them in effect more uncertain than f{pherical 
fhor; but as the objects againft which they sre fired are 


always very necr, the. i020 cf. ag te execution. 
The fecond kind ws c-carae eugtu. 7 5 5 ta: fice, as 
the balls dtuo.. ‘eis, and, trom their fphesi... cure ene 


counterim. is .ciftance in the air, ronge rarther. 

202. iv. une late wars, our trains of actinery were formed 
of medium ¢ prs. (64) : the cafe-thot for theie cuns contzined 
62 or 64 ieaden Luliets, each we'ching 3 of an ence; the 
whole weighed nearly 23 much 2s a round fhot of the fame 
diameter. In osder to atcertain their ciecis, the officers of 
artillery in 1743 made the fujlowirgs exeeriments : a 4 pre 
was fired againit a target of plank ¢- Ivet in length by ro 
in height, erected on the fame horizontal viane with the gun; 
fo that fome of the bails ater zi rote and Fruck the 
target: cafe and grape ‘hot were fired, but no aifference in 
their effects wis percepubte. In tie neat experiments, the 
charge was rib. 1¢oz. ci powder, ard over the wad, 
which was well rammid, wes placcd tle caie: at the dif- 
tance of ace yards, only 3 or 4 balls ftrink the target. 
The gun being moved 37 yards nearer, g cr 12 bills truck 
it; but the greater part cid no: go threwzh the planks, 
which were an inch thick: thofe that ftruck were partly 
melted, and two cr three were found in different piaces 
Nicking together. At the fecond cxperimert, the cafe was 
placed immediately over the powder and a wad ranised over 
the whole: at the difance of 175 yards verv tow of the 
balls went through the planks, thougi, ue repert cf the ex- 
plofion was as loud as at the former experiment; others had 
not force enough to enter, and thofe that ftruck v iz much 
more liquefied than b.fore; 4 or 5, and at one tine 15 
were found flicking fo clofely together as to form a jum): of 
kead. At other experiments, when the cafe was placed over 

te 
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the powder without a wad, the balls at 170 yards firuck 
the target with rather more force, and were not liquefied, 
tbough the report at the difcharge was more feeble than at 
the fecond experiment. .At each round, the number of balls 
that ftruck the target was between 4 and + of the whole; 
and § or 3 of thefe ftrack it below a horizontal line drawn 
feet from the ground. ‘The greateft divergence of the 
balls at this diftance was 60 feet, but frequently not more 
than 33. : 
per Some rounds being fired from the fame gun at 174 
yards, with 1} Ib. of powder ; the number of balls that ftrack - 
the was between 3 and = of the whole, but their force, 
was leis : in thefe, as in the former experiments, a wad was 
yammed over the powder; in the fecond, a wad over ‘ 
the whole; and in the third no wad was ufed. Two cafes 
being put into a gun and fired together, the number of balls | 
_ that ftruck the target was between j and 3 of the whole . 
number in the two cafes; many. of thofe that touched the. 
target had not force enough to penetrate. “The being | 
* yemoved to 200 yards and fired again with two cates, abo 
is of the balls ftruck the target, but with much lefe forces, * 
204. It refults from thele experiments (202, 253): 

1. That cafe-fhot of this nature thould never be 
fired at a greater diftance than 200 yards, againit objects 
not exceeding 19 teet in height. 

2. A wad fhould be put between the powder and cafe; 
but as fometimes ii: quick firings this muft be dif- 
penfed with, the balls will yet have force enough at 
2co yards to wound a man. 

3. That the greateft poffible effect of cafe thot is 
when fired again{t an enemy drawn up in form of a 
vaft amphitheatre between 17c and 200 yards diftant, 
by putting two cafes into the piece and ufing the lefs 
charges or powder. 

4. That with one cafe, 6 or 7 men of the front 
rank may be ftruck at 170 yards; and ftill a greater 
number when two cafes are put into the gun: when 
advanced nearer to the enemy, the balls will pafs 
through the bodies of the men in the front rank and 
wound thofe in the rear. 

5. That the firing with cafe thot fhould commence 
at 170 yards in order to acquire a fuperiority over the 
enemy’s mufquetry ; the effect of platoon firing i that 

ance 
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diftance is uncertain, while cafe fhot fired with judge- 
ment will ftrike at each round a certain number of 
men. 

At other experiments (202, 203) with cafe thot com- 
pofed of iron balls 10z. in weight, the whole cafe 
weighing as imuch as the round hot of the fame dia- 
meter ; it refulted that at 200 yards, 3 or 4 balls ftruck 
the target, and at 170 yards 8 or 1o ftruck it; the 
force of thefe balls feem to exceed that of the leaden 
bullets. 

205. Thefe conclufions agree with what has been ad- 
vanced on the fame fubject, in the practice of artillery and 
the elements of tactics, it will be fhewn in the fequel, that: 
greater advantages may be derived from the ufe of field pieces 
than has been hitherto done, in conftantly maintaining a de- 
cided {fuperiority of fire over intantry drawn up in front 
of the guns (19g) through the ufe of tin cylinders filled with 
iron balls weighing more than 1 oz. 

To afcertain this, the forcé and dire€tion with which each 
ball is impelled, and the proner elevation for the piece fhould 
be confidered : the two following tables will give a juft idea 
of their force; in the firft are fet down the relative penetra- 
tions calculated (183) on a fuppotition that the initial ve- 
locity is 1450 feet, and that from the refiltance of the air toa 

2. lb. fhot r=12, in order to form a comparifon between 
thefe and the former tables (183, 196): in the fecond are 
marked the refults of the former expermments (197) and the 
penetrations infcribed in the firft table are reduced to abfolute 
numbers. 


° TABLE 
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. Relative penetrations of iron cafe thot. 
TABLE I. 
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206. From thefe premifes (190, 191, 192) it may be 
inferred. 

1. That when balls of which cafe thot are compofed 

weigh 130z. each, every ball can pierce a file of 20 
men, when fired very clofe ; and 4 men at the diftance 

of 680 yards. If each ball weigh 63 0z. it can pierce 

16 men when very near; 10 at 170 yards; 3 or 4 at 

510 yards ; and one only at 680 yards. If each ball 
weigh 1 oz. it can pierce 4 men at 170 yards; and mor- 
tally wound x man at 340 yards; the latter is exprefled 


by 
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by the fraction $; the fame ball at the diftance of 685 
vards will hardiy make a contufion, which is expretied 
by the fradticn 3 .',z. 

2. Balls ot 1 oz. at 170 yards, thofe of 2} oz. at 340 
yards, thofe of 63 oz. at 510 yards, and thete of 1302. 
at 680 yards, produce the fame effect; viz. of deftroy- 
ing 4 men; which evinces the propriety of ufing cy- 
lincers filled with large balls for great diftances, and 
with the f{ma!ter balls tor fhort diftances. 

3. On comparing the numbers in the two tahies 
(197, 205), we find that an 8 Ib. fhot, with an initial 
velocity of 1459 feet, will pafs trough a file of 4c men 
when fired very clofe to them; 28 at the diftance of 
340 yards, and 18 at the diftance of 68> yards: while 
a 63 oz. ball will only dettroy 16 men when very near, 6 
at the diftance cf 34¢ vares, and 4 man at68> ards; fo 
that with cafe-fhot of this nature, it 5 baus Grike 5 fepa- 
rate files, the effects when very near will be 16% s= £5 
men deftroyed, 6 x 5== 35 men at 3:2 yards, and 5 ony 
at 680 yarcs. Hence it refults, that tie eects of cate 
thot fired under fimilar circumftances, are greater than 
of round fhot of equal diameter, when the dittance does 
not exceed 340 yards; but at 685 yards round fhot have 
a decided advantage 

207. Thefe remarks (275, 275} are appticable to every 
cafe that can occur, allowance being mace ror the differes.ce 
of the initial velocitics ; wherefore the effect of the in.tial 
velocity cn cafe fhot inpelicd with a given charge of powder 
fhouid be afcertained. It has been found experimentally, 
that when the balls are regular:y arranged in the tin cylinder 
in the manner that will be hereafter psinted out, and are 
equal in weight and diameter to the corve{poncing round fhe, 
the gieater part of them are impeiied with the fame initial 
velocity as the round fhot, but the remainder with lefs; 
provided the charges be equal. This retult is conftant ; 
hence the effeéts of cafe thot fired from different diftances 
with different charges of powder may be determined with 
fufficient accuracy for practice (275). 

208. In firing cafe fhot, the balls are obferved at firft to 
take a diverging direction, and for a certain diltance to form a 
kind of a cone; the bafe of which is towards the object fired 
al, and the vertex towards the gun. 

It is impoffible from theory alone to determine the ci- 

O : 
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rection that each ball takes after the cafe is broken ; {ince 
the contaét of the balls and their reciprocal preflures at che dif- 
charge and at thecommencemen: of theit divergence wre un- 
known: It mufi then as far as poffible be alcertained experi- 
mentally, 

Experiments made with the greateft attention have given 
the following refults ; 

1.) The conical figure is’ preferved for a certain di- 
fiance; after which it is entirely loft, 

2. The proportion between the formation of the cone 
and the point where it begins to lofe the regularity of its 
figure depends on the fize of the balls, and their initial 
velocity: the diftance will be le/s in proportion as the 
balls are finaller, or their initial-velocity le(s, 

3. At equal diftances, balls impelled from guns of 
the common length diverge much lefs than balls of the 
fame weight and diameter impelled from fhorter guns 
with the fame charge. “This muft be a familiar remark 
to fportfoicn who have ufed fowling pieces of different 


lengths. 


4. When the balls are ranged inthe cylinder in regular — 
order, they diverge much lefs than wheo put in carelefs- — 


ly; thofe of 13, 6} and 3} oz. may be regularly difpofed 
in tin cafes of the diameter of 16, 8, and 4 prs. 3 and 
fuch only will be in future confidered: 102. balls 
fhould be difpofed in the cylinder in the moft conve- 
nient manner, and fired at any diftance le[s than 220 
ards. 

: 5- From certain diftances a greater number of men 
may be ftruck by cafe than by round fhot, if the gun 
be properly laid. 

209. The angle that the axis of the gun fhould form with 
the horizon is determined (165, 166) on a fuppofition that 
the balls in the tin cafe are impelled in the dire@tion of the 
axis, which is not always juit; as they fometimes quit the 
cafe under different angles. The leaft error in loading or 
pointing a gun may render a round {hot of no effet, but be 
of little confequence in firing with cafe fhot. 

210. In order to fhew in one part of view the moft inte- 
refting particulars in the ufe of cafe (hot, the following table 
has been calculated ; the initial velocities of a 22 Ibs fhot 
are fuppofed to be 1450 and 1206 feet, and r=12 for the re- 

* fiftance of the air, to enable the reader to compare it with 
the former tables. : 


Angles 


Angles of Elevation at which Guna fhould be fired with Cafe Shot, with the initial Velocttios of 1450 nnd 
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211. From this comparifon the following praQical infe- 
fences may, be drawn ; : s 

1. Balls of 3} oz. that with an initial velocitiy of 1450 

feet range 680 yards, defcribe a curve’ of the fecond 
‘kifid ; the remaining force at that diftance may be ex- 

the fraGiion 15; but it is injudicious to fire 
cafe thot of this nature at fuch a diftance, as their exe- 
cution is trifling: 1 oz. balls ought never to range 680 
eyards, as they defcrite a cutve of the fourth kind, and 
are tatally ulclefs in enfilading ; their remaining force 
may be exprefied by the fraction ;,',, and is hardly 
fentible. 

2 Balis of 3}07z. that with an initial velocity of 
1450 feet range 510 yards, defcribe a curve of the fecond 
kind, and may be cf fervice in enfilading ; but as-they 
can deftroy only one or two men, this is the greatett 
dittance a which they thould be fired: as to 1 oz. balls, 
though at 510 yards their curve is of the fecond kind, yet 
as the expreffion of their force is 5, the diftance is too 
great: 340 vards fhould be their longeft range, the 
expreffion of each ball is then 4. 

3. Asa ball of 6} 0z. with an initial velocity of 1450 
feet can only deftroy one man at 680 yards, it fhould be 
confidered as the greateft diftance ; though from the 
nature of the curve, it might ftill be ufeful in enfila- 

‘ ding. 
B ball of 130z. with the fame velocity and at the 
fame diftance will deftroy aie of 3 or 4 men. 

4- When the initial velocity is 1206 feet, the cur- 
vature of the lines of defcent is greater than when it is 
1450 feet; confequentiy cafe fhot with the former velo- 
city are lefs prop:r for enfilading : they fhould only be 
ufed at fhort diftances, in proportion to the difference 
between the actual velocity and 1450 feet. 

5. A fimall charge of powder can only have the 
fame effects as a large one, when the enemy is drawn 
up 3 or 4 deep, and fo clove that a tingle ball can carry 
off a whole file; the fame obfervatioi. holds good with 
refpect to {hort guns, fince from the initial velocity 
(151) their range is fhort. 

6. The number of balls that, with velocities equal 
to or lefs than thofe above mentione], will ftrike an 
object of certain dimenfions at a given diftance, can 

only 
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of cafe fhot containing balls of equal diameter fired 
from an 8 pr. and the diftances be equal; the effects 
of the 16 pr. will in certain cafes be greater than the 
effects of the 8 pr. ; for the fame reafon, the fhort 8 pr. 
(66) is fometimes to be preferred to the common 4 pr. 
as in the inftance of the enemy being formed on 
floping ground in figure of an amphitheatre, (as hap- 
pens in mountainous countries) and very near the bat- 
tery; the 8 pr. cafe containing double the number of 
balls that the 4 pr. cafe does, will do more execution. 

gs. By increafing the number of balls in the cafe, the 
initial velocity, and of courfe the effect of each is 
fenfibly diminifhed. When fired againft troops difpofed 
in very deep order (200) on an amphitheatre of hills, 
and very near the battery, the greater the number of 
balls is, the greater the {laughter will be; and as in 
this inftance, two cafes may be put into the gun at the 
fame time, it will be fufficient if the weight of each be 
equal to that of the round fhot. 

6. When the enemy is drawn up in very deep order, 
the medium charge of powder fhould be preferred to 
the lefs, both with round and cafe fhot ; the diftance at 
which each nature of fhot fhould be ufed will be beft de- 
termined by recurring to the preceding theory (206, No. 
3), and the refults of former experiments (211 No.6). 

7. If it be neceflary in the courfe of a campaign 
to place fome 32 prs. in a fised poft, five kinds of cafe 
fhot fhould be prepared for them: the firtt with 16 
balls of 260z. to range 850 yards: the fecond with 
32 balls of 13 oz. the third with 64 balls of 620z. the 
tourth with 128 balls of 34 oz. the fifth with 324 balls 
of 1 oz. the four lalt may be fired under the reftrictions 
already laid down. ‘The two former may be of excel- 
Jent fervice in the defence of places at the opening of 
the trenches; but as the balls fpread very much, they 
fhould be ufed with caution, left they hurt the detach- 
ments of the garrifcn pcitcd in the advanced works. 


213. Balls of hammered iron are the beft for cafe-thot ; 


but, 


if from motives of economy they be made of caft iron, 


the metal fhould be of a hard and tenacious quality, or they 


will 


break to pieces at the explofion : the number that break 


increafe in proportion to the augmentation of the charge. 
Each thot therefore before it is put into the cafe, fhould be 


placed 
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placed upon an anvil, and receive a fmart blow from a heavy 
hammer; if they ftand this prcof, they ar fit for fervi e. 
The cylinder of tin thould be of the fame diameter as the 
correfponding round fhot; one end is c.ofed by a wooden 
cylinder 13 or 14 inch thick, on which the fir? row of bails is 
reguiarly placed, putting into the interftices fmall pieces of 
wood to keep them firm: the balls of the fecond row are 
placed over the interflices of the firlt, and cach row is fixed 
with chips or fomething of that kind to prevent their moving, 
when the ammunition waggons pafs over rough and ftony 
roads ; which might break the cylinder or deform it, fo that 
it would not enter the gun. All the rows of balls being 
thus difpofed, the top of the cylinder is c:ofed by a cylindri- 
cal piece of wood ! an inch thick, nailed to the tin, and 
marked fo as to be eafily diftinguifhed from the bafe; and on 
the top is marked the diameter of the balls contained in the 
gafe, that the artillery men may make no miftake in the na- 
ture of the cafe-fhot, or in the manner of placing it in the gun. 

If mattic be ufed inftead of chips, to fix the balls in the 
cafe, its tenacity will increafe the force of the powder and 
the balls will diverge lefs. The beft maftic for this purpofe 
is made of melted pitch and powdered marble: but the quan- 
tity fhould be proportioned to the force of the charge; for if 
it be of fuch tenacity that the cafe reaches the object before 
it breaks, or breaks very clofe to it; all the advantage arifing, 
from the proper divergence of the balls would be loft: the 
effect of thefe projectiles being evidently as much diminifhed 
by too little as by too great divergence (190). 

214. To derive from artillery in field engagements the 
fulleit advantages (212), the following rules thould be ad- 
hered to: ; 

1. Brigades of the heavieft guns in the army fhould 
be pofted at the points whence it is propofed to make 
the greatelt efforts againft the enemy, or where the 
briikeft attack on their part may be expected: and the 
guns of fmaller calibre placed fo as to favour the princi- 
pal attacks and diltract the enemy’s attention. 

2. In pofting brigades of artillery in a defenfive fitua~ 
tion, a parapet, ditch, hedge, pallifadoe, chevaux de 
frize, or other obftacle, fhould be placed before them, to 
keep the enemy in check; in cafe they advance with 
fixed bayonets. 

3: There thould be to each brigade a referve of artil- 
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- ]e¥y men covered by an epaulment or the ammuntitiod . 
waggons, to replace without lofs of time any that may be’ 
killed or wounded. If it be judged expedient to draw 
up an army In two lines, that the troops of the fecond 
line may in cafe of neceffity be brought forwards to 
replace thofe in the firft; with equal reafon fhould the 
number of artillery-men be fufficient to keep up the 
fire from the cannon with proper vivacity duting the 
whole engagement, in {pite of any lofs that may be fuf-" 


CHAP. VI. 


Tne Errects of tHe Howitzer aNb 8pR. CoM- 
PARED. 


218. In thelaft century, guns from 6 to 7 feet in length 
were ufed to proje& flones, cafe fhot, &c. from 
"places: the fhortnefs of thefe guns and the largenefs of their 
calibre generally adapted to a (hot of 24 lbs. gave rife to the 
idea of the howitzer; the proportions of which vary among 
different nations, according to the feveral ufes for which they 
are intended. The longeit howitzers I ever faw were 6 
diameters of the muzzle in length of bore, with a cylindrical 
chamber capable of containing rlb. 100z. of powder: the 
bore of the fhorteft was 4 diameters of the muzzle in length, 
with a cylindric chamber containing 1 lb. of powder. The 
long ones were ufed in the imperial army which Prince Eu- 
gene of Savey commanded againft the rurks, and the thells 
fired from) rnem are {aid to have caufed great deftru@tion and 
difmay among the Ottoman cavalry. On the other hand, 
the predilection for this tpecies of ordnance was much abated 
at the battle of Guaffalla, fought on the 19th of September 
17343 where our cavalry of the left wing was neither dif- 
ordered nor hurt by the fhower of fhells fired by the enemy, 
but made feverai charges with great effect. As the Ottoman 
cavalry generally charge in an irregular, defultory manner, 
they prefent a mu.h iarzer obje& than our cavalry drawn up 
two or three decp with clofe files; being therefore very much 
expoled, the explofion of the fhells will be more deftructive 
among thea, than in the regular movements and difpofitions 
practifed by us. Whatever may be the reafon of this diffe- 
rence, we will only confider the phyfical effects of projec- 

tiles 
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tiles impelled from a howitzer 6 diameters of the muz- 
wle in length of bore, and compare them with thofe of 
the 8 pr. (183), in order to afcertain the diforder that each 
of thefe pieces can feverally produce among a body of troops: 
teaving it to others to difcufls the moral ettects refulting from 
the ufe of howitzer fhells, which have by many authors 
been fuppofed to be very great: a difquifition totally foreign to 
our purpofe, as the abfolute confequences can neither be.cal-- 
culated nor depended on; for it has happened more than 
once, that troops, which had at the beginning of an en- 
gagement been thrown into diforder by the fire of artillery, 
have at length recovered themfelves fo far as to defpife the 
former object of their fear, on finding that their apprehenfions 
had greatly magnified the effects of thefe feemingly terrifi 
machines. : 
216. A frell is fired from a howitzer with a view of de- 


Siroying the enemy both by its faock, and explofion on burfling’ 


its greateft effects are when, having enfiladed a body of 
troops and being quite fpent in ftriking men or other objects, 
it burfts in the midft of thofe that remain. ‘To convey a 
juft idea of the comparifon we propofe drawing ; let the how= 
itzer be equal in length of bore to an 8 pr. of common lengthy 
and let them both be loaded with 3{1b. of powder: the 
elaftic fluid on quitting the chamber of the howizer di- 
lates towards the chace, and exerts agzinft the fhell lefs 
preffure, than the fame quantity of fluid generated in the gun 
exerts againft the fhot ; confequently its initial velocity is 
lefs. As a howitzer 6 diameters of the muzzle in length of 
bore is only half as long as an 8 pr. and as the largeit charge 
for throwing a fhell 16 Ibs. in weight is 1 1b. 1002. of powder — 
(215), this projectile muft havea much lefs initial velocity 
than an 8lb. fhot impelled by 3}!bs of powder, with the 
wads well rammed. ‘The initial velocity and the {pecific 
pravity of the fhell being lefs than thofe of the (hot, the air’s 
refiftance wiil be greater; and conlequently its penetrations 
into the fame butt will be lefs. 

217. There are two methods of afcertaining the effects of 
howitzer fhells: the firit is, by firing againft a butt at dif- 
ferent elevations and diftances, and comparing the penetra- 
tions of the fhell with thofe of a fhot fred from an 8 pr. 
The refult will exprefs the proportion between the eftecis of 
the two projectiles, though the hole mide by the howitzer 
fsel] will be much Jarger than that made by the fhot: bur the 

velocity 
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ity with which the thell impinges on the butt and its 
gravit) being lefs than thofe of the thot, the penetra- 
Soeeeae the batt be of a proper confiflence, will be lefs 
than would refult from the formula fS—Du*(182). 
The fecond method, is to find the initial velocity of the 
fhell fired at different elevations (1 67.) 
|. As the difference between the elevations and the cor- 
velocities will be greater in the fhell than in the 
thot; it will be neceffary, after having afcertained the initial 
velocity and the value of r =the refiftance of the air, to find 
the remaining velocity= V and fubititute its value in the for- 
mula Du*, in order toobtain the penetrations of the thell 
fuppofing it to be fold; but as its weight is lefs than the 
— gravity of a {phere of folid iron of the fame diameter, 
expreffion D x* muft be diminifhed in the ratio of its 
aQual weight to its weight when folid ; which will then 
inet kaitoha peowtsation to be compared with that of 
218. Thefe experiments having been made with a hire 
howitzer and r = 12 for the refiftance of the air to a 32 Ib. thot, 
the remaining velocities of the thell fired with proper eleva~ 
tion to ftrike the butt at the different diftances are inferted in 
the fallowing table, and alfo the correfponding relative pene- 
trations, fuppofing the thell to be folid and the butt eafily pe. 
netrable. 


Relative 
The velocity with which the fhell impinges. penetrations, 
; Yards. Feet. 
Shell fired clofe to the butt 472 54x 472" 


At the diftance of 340 364. 53 x 364” 
At the diftance of 680 286 53x $08 


The weight of the howitzer fhell being to a folid {phere 
of iron of the fame diameter as 7 to 10, the above penetra- 
tions will be reduced to .2, and will be as follows : , 


Relative 


ae penetrations. 
arass 

Shell fired clofe to the butt 2359 

At the diftance of 40 _ 1404 

At the diftance of ao ~= 869 


Oa 
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"On comparing thefe penetrations with thofe of the 8 1b. 
fhot (183) the number of men in file that the fhell can pafs 
through from the different diftances will be found in round 
numbers. 

Number of men 


deftroyed by a hell, 
Yards. 


Fired clofe to them _ 5 
At the diftance of 340 _ 3 
At the diftance of = 689 — 2 


219. To derive from the howitzer fhell the falleft efeAs, 
it fhould burft in the mid@t of a body of troops, and its >xwer 
of movement be quite exhausted in paffing throug” the cb- 
ftacles it meets with befcre it bor. 

To determine the effets of the Oocters, ket fore bow. 
itzer fhells burft in the midft of z momber of ad c's 
and their effets be carefully obf:rved. The refs = rerecal 
will prove that the fplinters of athe wl =e 6h trgh 
the thickeft parts of a man’s bods; zc F = = x. te 
midft of a number cof mer, mot tore tas fore of “che 
neareft to it will be woonded: Si cre cc ome ontlcie 

effects of the fhock ‘21+, thate of tte rere wile at 
certain how many mec cam be Det or wourcet S73 uw. 
itzer fhell. 


Number ct mee et or were 


Br we Sore Zo te Terk 
moore mc Sines 
Tire 
Fired clef to them $ = ; 
Atthe di3ince <€ be aes t —_ - 
At the dutime <¢ fac za _— 


The augiber o€ mer. wountes and sige wi w meaer, 
if the feait retitiric cama ce ie we we irek an eee 
marked in the Ge ct aroen “er 

225. On corserre te teu hel mt he oe, 

i me Feasa. te te ale 
common @ pry. ser ce Eero mrs inctow.: .- eat 
charge are more tesDuce.: Tian te ewe cr sig sick te 
only adwantage @e cer is. weer teens wien he al 
burfts at 4c vrarts. + sewracer Rel west ent te oor 
of an arms wil Succ nee a wm ee to 
it is mere chanes, X curr ore nuit ws ate tee. 
Should cot this tagpe:, or Goud 2 woe ei eth 

o lane 
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e fond, or the fuze: be extinguifhed by falling into Soft 
ground, its effe@s will by no means equal the effects of the 


221. The remarks on the penetrations of thells conypared 
- to thot will precifely apply to the length of their refpective 
, Yicbochets. That the firit graze of the fhell and thot may 
be at the fame diftance, the howitzer muft be more elevated 
than the gun; the thell confequently will not fo cafily reach 
‘ite deftination, the angle of incidence being lefs acute its 
force will be more deadened by the fall, its richochets 
fhorter.and fewer. - 
* gaa. To afcertain the effects of ‘a howitzer loaded with 
cafe fhot equal in weight +o the fhell, it fuffices to remark 
that the initial velocity of each ball is equal to the initial ve- 
locity of the fhell (207): which being found by experiment, 
and a round of cafe thot fired at the fame angle of eleva. 
tlon, the penctrations of the balls may be cafily determined 
305). Suppofe the balls be projeGed from different di- 
ances, then. en comparing the relative penetrations with 
thofe in the preceding table (205), or with others produced 
by velocities lefs than 1450 feet, it will give the ratio be- 
tween the effets of cafe thot fired from a howitzer and a 
gun. The initial velocity of a fhell fired horizontally or 
nearly fo, is about 474 feet; the following will be the pene- 
trations of the cafe {hot. 


Weight of balls. | Verynearthe butt. At the diflance of 


0%. 170 yards. 
63 _ 803 _ 138 
34 or 640 ae 59 
1 << 444 = 6 


On comparing this with the former table (205), the pene- 
trations of balls projected from a howitzer placed clofe to the 
butt, are to thofe of balls of equal diameter impelied from of 
a gun withan initial velocity of 1450 feet; as 803: 7580 ; or as 
10:94 nearly: and at the diftance of 170 yards, as 138: 
46243 oF as 1: 33 nearly. 

223- But as the howitzer contains three times as many 
balls of the fame diameter as the 8 pr. and 6 times as many 
as the 4 pr. this difference fhould be likeve@yeftimated. To 
this end, the relative fituation of the nates againft which 
sgt are fired muft be contfidered. 

uppofe a howitzer and an 8 pr. to be on the fame plane 
with 
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with the emery =o: erat Dart oo — -—zre 
ber of men @= *Se SO mk Tt 
howitz.r ara Tv Tae Ta te rw = 
bales of the te> foes TS =e 2: ise => 
truck by the bowtie. el om crac 5S os 
one: but whes t2¢ sctm! s ott 
the cafe thei mom te 52 we = = 
the greamrovecctr, 1 UL set be Ce me 
greater the dance, “2 ors el SS Se cee ee 
howitzer, ca ith Sine See ee Se oe 
make the co 
advantsgecus to Tat Loe Tos 
fnkes tipie the soto ye met set ise ict Ot 
greate:t effects wi. be ts ct re lc ls ote 
itt . 

224. Again, & tht soet ee 
in form of an amp~ t-ezT act 
ftrike one man; the 22sec se ue 
Spr. as 8: 1 and to = ee 
cafe fhot be put at oust 2: tre 
rioritv, the num== .- 7: 
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velocityol thos =< 2-2 [2 = Se SS ers Se 


iS (250) theese thes 


they wil ranze f27her 77 
is therefore to be r72:2--=2. 
part of this woos. .: at t.272 > 
ing, if 3 cafes be rec 2: 2 
fully confirmed by exper z7 
6 diameters of the 2 
mon 4 pr. :harzec ~. 
except when ti.e enemy 3 
amphitheatre of Lills, wi! are 
former. If the leng:h of the hoa.tis: oe Tameles. tue of 
ference will be fil greater. 

225. In conftructing howitzers, tha fr 
of the chambers may projet thels wih 2 : 
locity and from the inc:eated diameter contac sar: 
the preceding reflections fhould be had in viea: 
riage and the wheels, for inftance, fheu'd be 
enough to refift the greatet efforts cf a ‘arze ge 
powder. But when the fhell is projected with twice the 
initial velocity fuppofed in the courfe of this compsrfon, 
the howitzer will yet be inferior to the § pr. 


1 
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226. There are particular cafes however, where the howe. 
ater moay Be ory eral as in the attack of pofts where the 
qnemy is perfe@ly covered from cannon thot: the fhelis from 
the curve line that they-defcribe may then be of excellent 
fervice ; or, in the attack of towns or villages, where large 
quantities of ftraw, hay, faggots, or other combaftible ma- 
terials are depofited. Some pieces of port fire compofition 
may be put into the fhell, which on burfting will commu- 
Bicate the flame to every. thing around: by thefe means,. 
towns and magazines may be eafily fet on fire. fess 

227. The hewitzer may in the following cafes-be ufeful 
in the attack and defence of places. ; 

1. In a fortified town, when the cafemates or capo~. 
nieres are too narrow to. admit guns of the com~ 
mon length; howitzers are then preferable to thort 
gens of cylindric bore,’ as the explofion of guns of 

ge calibre foon deftroy the embrazures. 

2. To prevent as much as poffible the inconveni- 
encies arifing from the fmoke in cafemates and 
nieres, and yet be able to proje& cafe fhot with the 
greateft initial velocity; the howitzers may be 
ened if there be fufficient room; this will in fome mea- 
fure bring back the pierrier guns formerly in ufe. 

3- In the attack of pieces, fome howitzers may be 
planted on the batteries defigned to fire & richochet, to 
enfilade the covert way and its branches : effential fervice 
will be derived from this mode of ufing them; fince 
befide the deftruction they may caufe among the be- 
fieged, they foon filence the fire of the infantry, and 
cover the workmen in carrying on the approaches. 


C H A P VU. 


Or SHELLs PROJECTED FROM Mortars. 


228. Tu IR TEEN and ro inch mortars are much 
ufed in fieges : 15 inch mortars are now generally difufed ; 
as from their great weight when properly reinforced, and the 
fize of their chambers, they were very difficult to work on 
the batteries: when the thickneffes of metal are diminithed 
and the chambers reduced in fize, their ranges are fo much 
fhortened, that the fhells do not fall with more force ker 
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thofe projeGted from 13 inch mortars; they are moreover 
very cumberfome and hecvy. . 

229. The principal advantages to be derived from fhells 
may be reduced to the three following ; 

1. In fieges, to difmount the enemy’s artillery and 
bombard cities. 

2. To fet fire to and overthrow works, and produce 
havock and diforder among troops. 

3- To break through the vaulted roofs of barracks, 
magazines, cafemates, caponieres and other military edi- 
fices, that have not been: conftructed with fufficient 
ftrength to refift the fhock. 

Ten inch mortars are generally adequate to thefé purpo- 
fes; hence on principles of ceconomy, 13 inch mortars are 
feldom ufed, unlefs the diftance be too great for the fmaller 
mortars: their figure being’ the fame, their longeft ran- 
ges are nearly in the ratio of 4:5. Of fhells of the 
fame conftruction, the largeft are undoubtedly the beft for 
fetting fire to buildings, efpecially when fome pieces of port 
fire compofition are put into them: the fplinters are more 
deftructive to works and buildings than to men, and the 
harfher the quality of metal of which the fhell is caft, the 
greater number of pieces it wil! bur(t into. . 

Shells made of a very tenacious iron are beft adapted for 
penetrating the vaulted roots of barracks, magazines, &c. 
that on coming in conta¢t with a hard body, they may not 
break before they explode: by diminifhing the interior ca- 
vity of the fhell, the force of the fhock and its refiftance to 
the explofion are much increafed. : 

230. Our anceftors, in eftablifhing the proportions of 
fhells, conceived that the thi.keft part fhould be oppofite to 
the fule ; that from its fuperior weight, it might always come 
firit to the ground, and in ftriking againft hard bodies be 
Jefs liable to break. Hence they fuppofed alfo, that the 
fhell, though buried in the earth, would always burft, fince 
the fufe would remain uppermoit ; but experience has proved 
that thefe effects do not always take place, owing to the ro- 
tatory motion of tlie fhell; the force of which overcoming 
the preponder.nce of the heavy part or bottom, makes it fall 
on every fide indifcriminately ; and when it enters a clofe 
compact foil which ftops any communication between the 
fufe and the external air, the fire is foon fmothered and 
extinguifhed, When the fufe is not driven far enough into 

the 
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the fhell, it frequently happens that the thell beginning ta 
turn before it quits the mortar, the head of the fufe ftrikes 
againft the muzzle, and breaks off ; thus, if the fire has not 

netrated beyond the eye of the fhell, it may reach the ob. — 
ject but will not burft. 

231. The difference in the form and fize of the cham- 
bers, the various purpofes for which they are ufed, and the 
different qualities and modifications of powder render it ne- 
ceffary to alter the charges and elevations of mortars. 

In the largeft mortars, the initial velocity of a fhell in- 
creafes in proportion to the charge; hence to obtain the 
greateft inital velocity, the chamber fhould be filled with the 
ftrongeft powder, a tompion of wood placed immediately 
over it, and both the tompien and fhell furrounded with 
fifted earth well rammed; that from the increafe of refift- 
ance, the inflammation of the powder may be more inftan- 
taneous, and the fluid more abundant and elaftic. An increafe 
of elevation alfo adds to the initial velocity, even with equal 
charges ; fince from the greater refiltance oppofed to the ex- 
plofion in this pofition of the mortar, the fluid generated in 
the chamber acquires, before the (hell begins to move, greater 
denfity. 

The fame effects do not take place in mufquets, though 
fired at different clevations (Treatifz on Powder). 

To prove that the initial velocity of a fhell is modified by 
the elevation; fire the fame mostar with two equal charges, 
but at different clevations ; for initznce, at 70° and 20°: the 
fhell will range much farther at 7c° than at 20°; though, 
from the theory of projectiles, fired iz vacuo, the ranges 
fhould be equal ; and fired in the open air, the fecond fhould 
be the longeft. By varying the charge of powder in the fame 
mortar, it has been found, that there is a particular e!evation 
which with each tharge gives a longer range than can be ob- 
tained from the fame charge at any otlier elevation ; where-+ 
fore mortars f{hould not be fixed in their beds at a certain 
elevation, as from the theory of projectiles many have ima- 
gined fhouid be the cafe. The clevations that give the 
longeft ranges, differ very fenfibly in two mortars of different 
calibres, but of fimilar proportions, charged with a quantity 
of poder proportionate to the weight of their refpective 
fhells, and the fize cf their chambers. 

232. :t is evident, therefore, that a knowledge of the 
various circumftances that conduce to the efiectual ufe of 

mortars 
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mortars, muft be founded on theory, and derived from 
fcience (142, 231); confequently the generality of bombar- 
diers are very ill-qualified for this fervice: but from the 
{mall number of officers, there being freqently a neceffity 
during a fiege, of leaving the direction of mortar batteries 
to the kombardiers, a particular form of inftru€tion has been 
exprefsly made out for their ufe, calculated for unfcientific 
men, that they ay oe enabled to do their duty with pro- 
priety and effect. For this purpofe the ufe of thells is re- 
duced to two principal cafes ; (229) the firft confifts in dif- 
mounting the enemy’s artillery, paeriehe 2 buildings, fetting 
fire to and overturning works, and caufing diforder among 
troops : the fecond, in breaking through cafemates that have 
not been properly conftructed. 

233. It is fufficient in the firft cafe (232) that the thells 
be projected with juftnefs, without much regard to the 
force of the. fhock ; this may be attained by obferving the 
following inftru@ions, which are within the comprehenfion 
of every man. The bombardiers fhould practife with 13 
and 19 inch mortars of the common conftruction; after- 
wards with fome of the fame calibre, but with chambers of 
different dimenfions, in order to convince them that a dif 
ference in the fize of the chamber confiderably affeéts the 
Jength of the range. 

1. They thould know the elevation that gives the 
longeft range, when the chambers are filled; and alfo 
the beft elevation and charge fer firing from the batteries 
conftructed in the firft and fecond parallels, when the 
befieged town and the batteries are in the fame plane. 

2. They fhould be made to obferve that a difference 
in the form of the chambers in mortars of the fame 
calibre, indutes a neceffity of altering the elevation, 
and alfo affects the range; and that with the fame 
mortar, the ranges diminifh in proportion as the eleva~ 
tion is greater or lefs than that which gives the longeft 
range. 

3. They thould be taught alwzys to load the mor- 
tar in the fame manner, when the fame charge is ufed ; 
fince to negligence or miftake in this particular, may 
be attributed many of the varicties that occur in the 
lengths of ranges: and that with the fame charge, 
the error that may tend to fhorten the range, will not 
add much to the deflection of the Micil. 

P 4. As 
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4. Asa difference in the quality of the powder, 
in the moifture and temperature the atmofphere, 
confiderably affects the ranges, they thould be taught 
to make allowance for thcfe circumftances, by ele- 
vating-or deprefling the mortars ; by increafing or de- 
creafing the charge. : 

g- They fhould fire at a butt with the degree of 
elevation that gives the longeft range, and increafe or 
diminifh the charge till they firike the obje&: this will 
convince them that lefs irregularity enfues from alter- 
ing the charge, than from altering the elevation; for 
the more the elevation deviates from that which gives 
the longeft range, generally between 40° and 50°, 
the more irregular are the ranges. 

6. When the object is to fire at troops or enfilade 
works, it is better to lay the mortars at fmall elevations, 
that the fhells may not bury themfelves. 

7. When the plane of the mortar battery is below 
the plane of the object, it is much eafier to proje& the 
fhells with juftnefs, than when they are both on the 

"fame, or the mortar on the higher plane. 

- 234. The fecond cafe (232) viz. to break through cale- 
mated buildings, requires much theoretical knowledge in the 
officer charged with the execution of this piece of fervice, 
in order to determine the fituation of the mortar, its pro- 
per charge and elevation ; that the fhell may impinge on 
the objeét with the greateft poffible force. Suppofe a fthell 
projected from the point A, in the direction A P (PI. 6, Fig. 
22) has defcribed a curve AF N BL of the fourth kind; 
in order to determine the force that the projeétile has in 
each point of this curve, the direction and quantity of com- 
pound velocity at each point muft be found. For this pur- 
pofe itis neceffary to have a feale of the fpaces paffed through 
in times of unequal movement (170, 172) from whence | 
may be deduced the fcale of correfponding velocities : then, 
to afcertain the direction and quantity of compound velocity 
at the puint B, in the perpendicular line B P, make B E equal 
to the correfponding velocity at this point, of a movement 
BP unequaliy a-ce'erated by gravity ; draw E H parallel to 
AP, and equal to the velocity which at the fame point B 
correfponds to the retarded movement of impulfion AP ; 
then the right ling HB will exprefs the durecthhun and quan- 

tity 
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tity of ria velocity, which the fhell has at the point 
‘B (168). : 
: 35- From the conftruftion (234) it appears ; 

1. That if the point F reprefent the vertex of a 
curve, F C will exprefs the horizontal direction which 
the fhell has at that point, and the quantity of compound 
velocity, which is lefs than the fhell can have in any 
ther point of the curve. 

2. T’hat the compound velocity at the point N in- 
creafes in proportion to the diftance of N from F: 
that the direction of the compound velocity forms a 
very acute angle with the horizon, when the point N 
is very near to F, is lefs acute in proportion as N is 
farther diftant from F, and becomes a right angle 
when the fhell has loft its movement of impulfion ; 
which in practice is always greatly below the plane 
AB: the velocity of the projeCtile is then reduced to 
the unequally accelerated movement of gravity. 

3. That the angle formed by the direction of the 
fhell with the horizon, approaches nearer to a right 
angle, in proportion as the angle P A B is lefs acute: 
on the contrary, when the mortar is fired at a very 
{mall elevation, the angle formed by the direction of 
the fhell and the horizon, can only become a right 
angie, in a point L far diftant from the horizontal line 

A. 


‘ a 
236. ‘The formula m V x rae Pera A (178) {crves to 
exprefs theforce of the (hock of a fhellagainfta plane, of which 
the inclination is given; the application of this formula 
will be rendered more familiar by the following remarks : 

1. The force of the fhell N_ increafes, in proportion 
toits diftance from the vertex F of the curve; fince its 
compound velocity alfo increafes (235, No. 2): the 
force of the fhell at the point B being expreffed by m V 
==mx BH is greater than its force at the point F, 
becaufe B H is greater thanC F, ~ 

2. If the fhell at the vertex F ftrike at right angles 
a vertical plane, it will impinge with all the force ex- 
preffed by m V = mx C F;; fince in this cafe, the quantity 


bei 1 = 
a being equal to the whole fine, the expreffion whole ike 


P2 reprefents 
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reprefents unity : on the contrary, if the thell at the 
point F meet a horizontal plane, «=e; in this cale, 
there will be no fhock, and the thell will roll upon the 


. If the thell ftrike the point B in the plane Zy 
inclined to the horizon with a dire@ fhock, its force 
will be to the force of a fhock on the horizontal plane 
B Q, as the whole fine is to the right fine=e of the 
angle of incidence H BQ: wherefore, if the fhell in- 
fead of ftriking the horizontal plane BQ, ftrike 
the inclined plane IO, the force of the fhock will be 

_ efs; and will be in the proportion of the right fine of the 
an o incidence HBT to the fine of the angle 
HBQ. 

. If two thells be projected from two mortars of 

different calibres, but of fimilar proportions, fired with’ 
the la quantity of powder, and with the fame de- 
elevation ; the largeft thell will have the mo 

force in the correfponding points of the curves, owing 
to its fuperior weight, and greater compound velocity 

(229) 3 fince it defcribes'a larger curve. 

5. If two hells of different diameters, fired as above, 
in correfponding points of their curves ftrike two ob- 
jects in differently inclined planes, the fhock of the leaft 
fhell may exceed that of the largelt ; becaufe the angle of 
incidence of the latter may be moft acute. 

237. To ftrike with a direct fhock, and with great force, 
a fuperficies whofe pofition is given (234); it is neceffary : 
1. To place the mortar fo that the axis produced 
may cut the vertical plane of the objet; and that the 
curve defcribed by the fhell, be at right anples to it at 
the point of impact. 

2. To ufe the largeft quantity of powder that the 
chamber of the mortar can contain. 

3. To obferve the relative pofition and figure of the 
given fuperficies, whether flat, or convex like the roof 
of a cafemate; whether horizontal or inclined. 

4. Thence to determine the diftance that the mortar 

- fhould be placed from the obje&t and its proper elevation. 
238. It is obferved, that the curve defcribed by fhells 
does not always cut the vertical plane of the object, in the 
direction of the axis of the mortar, but deflects from it fo as 
to defcribe a double curve. ‘Ihe folid fphere of bronze 
projected 
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projected from the eprouvette-mortar, when it reaches the 
vertex of the curve, deflects either to the right or left, though 
it be very denfe, and its furface very {mooth. The deflec- 
tion of fhells, whofe fpecific gravity is lefs, and centre of 
gravity diftant from the centre of the figure, and which from 
the ears and the head of the fufe prefent an uneven furface to 
the air is greater: the fufe, from the rotation of the thell 
round its axis, defcribes a kind of picctloide. 

This deflection does not much diminifh the force of the 
fhock on a flat, but on a convex fuperficies its effects are 
very confiderable; for, however fmal] the deflection may be 
to the right or left, the angle of incidence inftead of being 
right, becomes very acute. This circumftance merits a 
more particular examination : 

239. Suppofe in the firft place, that the fuperficies B to be 
impinged be flat and horizontal like the ramparts of for- 
treffes, (Pl. 6, Fig. 22) under which are cafemated barracks 
or magazines, covered with thick layers of earth well ram- 
med: in order to break through thefe cafemates, the mor- 
tar fhould be placed in Q_ very near to the point B, and laid 
at a very high elevation, as 75° or 85°, that the angle of 
incidence may be nearly a right angle. If the diftance from 
B to Q be thort, and the plane of the mortar much higher 
than B, the compound velocity of the thell will be greater, 
fince the angle of incidence approaches nearer to a right 
angle, and the force of the fhock will be greatly increafed : 
the reverfe will happen if the mortar be much lower than 
the object; infomuch, that if the fhell on reaching the 
vertex of its curve, meet a horizontal plane, it will roll 
upon it without penetrating (236). This firtt fuppofition is 
the moft favourable to the effect of fhells, the vertical plane 
cutting the plane of the objeé at right angles ; and the given 
fuperficies being generally of great extent, the mortar may be 
placed fo, that the fhell will always fall on it, in f{pite of 
any trifling irregularity in the length of the range. 

240. Suppofe in the fecond place, that the plane to be 
impinged, be y B Z, inclined to the horizon A B; the mor- 
tar muft then be removed fo much the farther from B 
towards A, as the angle ABy is the greater; the axis of 
the mortar produced fhould pafs through a vertical plane, 
fuppofed to cut Y Z at right angles. The diftance between 
the mortar and object, and the proper elevation for giving a 
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direé thock, mutt ‘bedetermined from a knowledge of the two 
unequal movements that form the curve (170, 172); and the 
initial velocity produced at a certain elevation, known by previ- 
oully —_ a few rounds to afcertain the quality of the 
powder. But if the law-of the two unequal movements 
cannot be obtained, the officer muft have recourle to the 
treatife on curves, and their greateft am litudes; in order to 
determine the diftance AB, and the angle of elevation, 
taking notice that in general thefe inclined planes form with 
the horizon angles from 30° to 45°, and that the initial 
Velocity of the thell increaics in proportion to the greater 
elevation of the mortar: by properly combining thele cir- 
cumftances, he may, without removing the mortar a great 
way from the objeét, procure an oblique thock of greater 
force than the dire® fhock that could be obtained at a 
greater diftance with a lefs initial velocity ; fince the greater 
the diftance the lefs will be the elevation, and the lefs, of 
courfe, the ‘initial velocity. Under this fecond fuppofition, 
deflections to the right or left do not much diminith the 
force of the fhock, but a very {mall error in the amplitude 
is fufficient to prevent the fhell from impinging on the ob- 
je; fince thefe planes, in the direction of the mortar, 
afe of no great extent, and from their inclination, the fhocks 
would become fo oblique, that the end propofed could by 
no means be attained (236, No. 3). 

- 241. Suppofe in the third place, that the fuperficies be 
convex, as the rouf of a cafemate turned with a circular 
arch: the mortar fhould be placed as near to it as poffible, 
that from the higher elevation, the fhell may have a greater 
velocity ; and in the direction of the keys of the arches, 
that notsitr.tanding any fmall variation in the amplitude, 
they may ftil be of fervice : the lealt deflection will be 
fuficient to render the fhock, which fhould be direé&, very 
oblique. Again, if the fuperticies be convex, in form of a 
doine, the flighteit error in the direction or range will greatly 
diminith che torce of the fhock ; fince this fuperticies declines 
on *very fide from the perpendicular: wherefore, it is of all 
others the mot disicult object to ftrike with a direct fhock. 

242. ‘Wien the officer has determined the beft fituation 
for directing the mcrtars again{t the cbjects he propofes ta 
bombard; he wili inform the bombardiers of the proper 
elevation and quantity of powder, and point out every par. 
ticular that caa cunduce to the ketter execution of the fer- 
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vice 2 the bombardiers having been already trained at the 
fchool of practice (233) will be enabled to execute with 
precifion and efficacy the order they receive. 

243. In bombarding military edifices, the fhells may fall 
on folid works of mafonry, built upon arches, or on foft 
fubftances, as earth, &c. with which arches are frequently 
covered, to fecure them from fhells. When they fall on 
folid works of mafonry, they tend by their fhocks to pene- 
trate and fplit the cafemates, and by their explofion to over- 
turn the counterforts, and {hatter the walls. 

_ Arches conftruéted on the principles laid down in the 
firft ana fecond books of Military Architecture, are capable 
of refitting the moft violent fhocks from 13 inch fhells; their 
refiftance increafes when they are conftructed of the beft 
materials, in a climate favourable to their acquiring great 
tenacity ; and when they are contiguous to folid and im- 
moveable bodies. 

In buildings totally detached from others, or built on 
eminences, the counterforts fhould be fo propcrtioned, as 
not only to refift the preffure of the vaulted roofs, but every 
fhock to which they may be expofed from fhells. 

244 All the effect of a fhell talling upon a folid work of 
maafonry built on arches, is reduced, if the arch be well 
turned and made of choice materiais, to a fmall excavation 
in the place where it falls: it even often happens that the 
fhell breaks before it burits, particularily when caft of brittle 
iron. But if the arch be not firmly fupported, the counter- 
forts not fufficiently folid ; or in infulated buildings not well 
proportioned to refift the thock, and the unneceflary thicknefs 
which mafons generally give to the arches, under the idea 
of rendering them impenetrable; the fubftances in too {mall 
a mafs, as in detached powder magazines ; or the ftone of 
of foelaftica nature, as confiderably to increafe the fhock ; 
(Treatife on Moving Bodies) in all thefe cafes the hells 
will produce the defired effects. A fhell on penetrat- 
ing a brick arch, makes a hole nearly circular, if the 
bricks be of a good quality: but if from the negligence or 
ignorance of the workinen, the materials be bad or badly 
worked up; or if owing to the climate, they have not 
acquired a fufficient degree of tenacity, the fhell, befide ma- 
king a hole, will fplit and fhatter the building. 

245. Shells falling on arches covered with earth or other foft 
materials (243) bury mer hea without daing any mate- 
lg hod rial 
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every part. There are certain particulars that ought to be af- 
certained, before an officer can fafely give his opinion : in the 
cafe, for inftance, of his being confulted about forminga field 
train of artillery; he muft, before he is competent to decide, 
be acquainted with the nature of the country, the plan of 
operations and the ftrength of the army ; that the quantity of 
artillery may be adequate to every object propofed by the 
commander in chief, without being fo numerous as to em- 
barrais or retard the movements of the troops. 

7. In the third place, he fhould adapt every thing fo judi- 
cioufly to the nature of the fervice, that they may all concur 
with precifion to the attainment of the object in view, with- 
out unneceffary trouble or expence. 

8. Having decided on the means to be employed; the 
fourth confideration is, how to employ them to the beft ad- 
vantage; or the enterprize may at laft prove abortive: for 
victory depends not more on the number of troops, than 
on the difpofition that is made of them; and a train of ar- 
tillery fufficient for the reduction of a fortrefs may become 
inadequate to the purpofe, through injudicious management. 

g- Under the fifth head, are claffed the difpofitions for 
carrying any project into execution (5); they are as it were 
the foul of the enterprize ; for by them all the various parts 
of the fyftem are put into motion and made to concur to the 
fame point; whereas a want of concert might render al] the 
previous meafures ineffectual and be productive of nothing 
but confufion. A certain number of perfons are made ac- 
quainted with the leading fteps that have been taken to enfure 
its fuccefs, and the plan laid down for carrying it into ex- 
ecution in a given time. : 

ro. And laftly, to render the event fuccefsful, all acci- 
dents capable of deranging the plan fhould be carefully 
guarded againft. In this, refpect muft be had both to the 
object itfelf and to every collateral incident. If it be in« 
tended, for example, to difpatch a convoy of artillery by 
land; a fufficient number of pioneers and carpenters fhould 
be fent furward to mend the roads, and repair the old or 
make new bridges, that the march of the convoy may not 
be impeded by the breaking down or overfetting of any of the 
carriages. Is a poit to be furprized? the different bodies of 
troops dettined for this fervice fhould be provided with trufty 
guides, perfectly acquainted with the country; and every 
precaution taken by the officers commanding the sacle: di- 
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vifions to prevent defertion, left the enemy be apprized of 
the defign. 

x1. The plan being thus digefted, the execution follows: 
and firft, the officer charged with the con‘truction of the 
firtt battery at a ficge will determine from obfervanon, whe- 
ther by dire firing, he fhould endeavour to difmount the 
enemy’s artillery, and beat down the defences; by richochet 
firing, enfilade the works and harrafs the befiezed , or by 
firing with red-hot thot fet fire tu the buildings. 

He will, in the fecond place, reconnoitre the ground, that 
the battery may be erected on the molt advantageous fpot. 

He, will in the third place, afcertain what number of 
men, and what quantity of tools and materials are wanted 
for its conftruction. 

Fourthly, he will confider the means of employing cvery 
thing to the greate(t advantage, that the battery may be con- 
Rrucied in the beft manner, and in the fhorteft {pace of time 
poffible. 

Fifthly, he will divide the workmen into different parties, 
direCting thefe to throw up the earth in digging the ditch, 
in order to form the battery; thofe to piquet down the faf- 
cines: fome to r:m the earth; and others to bring the ma- 
terials from the grand magazine. 

Laftly, he will take every precaution to guard againft mif- 
takes in throwing up the works, or cutting the embrazures 
during the night; and to prevent the fevral detatchmenats 
from miffing their way, or interrupting esch cties in tranf- 
porting the ammunition, &c. to the batterv. Vhe fubaltern 
and non-cominitfioned officers will infpect the conduct of 
the workmen, and take care that they do their duty. 

y2. The circumftinces that arifein the execution of an en- 
terprize frequently induce a neceflity of deviating from former 
fyftems, and fometimes even of varying the hol: difpofition 
to the great embarrafiment of young officers : they fhould there- 
fore be practiled in the folution of diderent preblems beft cal- 
culated for exerciting their inventions, and obliging them to 
haverecourle to their own mids for refourccsin cafes of no~ 
velty and dificulty, but which yet require inftant determina- 
tion and execution. Suchis the path trod by all military men 
that alpire to cminence in their profeffion; and fuch is the 
road by which officers have arrived at diftinétion and sre- 
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The divifion of this work is into three parts: the firft 
treats of the fervice of artillery in the attack; the fecond, 
in the defence of fortified towns; and the third comprehends 
the various other branches of artillery fervice in the field. 


FIRST PART. 


OF THe Service OF ARTILLERY IN THE ATTACK OF 
FortTirizgp Towns. 


3.V \ HENEVER atown fortified according to rile 
is jitended® to be taken by fiege, the object of the befieger is 
to make a breach; which may be eftected by the means of 
heavy ariillery, or of mines: and the execution, in either 
cafe, re{ts with the royal corps of artillery. 


CHAP. I. 


OF THE FIRST DIsposiITiOoNns TO BE MADE FOR Re 
SIEGING A PLACE IN FORM. 


14. Tue firft duty of an artillery officer, when it is 
refolved to lay regular fiege to any place, is to make out a 
ftate of the guns, mortars, ammunition, machines, and 
carriages of all kinds requifite for that purpofe. To be en- 
abled to make a proper proportion of ftores, the command- 
ing officer of artillery muft be mafter of certain data (6) ; 
that is to fay, the commander in chief, or the general offi- 
cer charged with the dire‘tion of the fiege, fhould commu- 
nicate to him a plan of the fortifications and environs of the 
place, accompanied with fuch profiles and remarks, as may 
enable him to afcertain what fronts are moft attackable ; 
with the advantages and difadvantages attending each roe 
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both with refpeét to the works and countermines, the nature 
of the foil where the trenches muft be opened, and the feve- | 
tal heights and hollows in the vicinity of the town. Be 
fhould likewife be informed of the enemy’s force, vit. 
whether the town be protected by an intrenched camp, 
or left.folely to the exertions of the garrifon: if it be amply 
provided with artillery, provifions, and cafemates; £ .| 
the garrifon be fufficiently numerous; and whether com — 
fed of veteran troops or new levies; if the governor be © 
‘an high eftimation for his military talents: if the town be 
populous, and whether the inhabitants are well affected te 
the garrifon, and of a martial or pacific difpofition. The. 
commanding officer of artillery thould be likewife acquainted - 
with the nature of the country, through which the ftores, : 
&c. muft be tranfported; as the difpofitions that ferve for 
tranfport by land will by no means anfwer for water cat 
riage. 
15. But if it be impoffible to colle& fufficient i 
to regulate the quantity of artillery and ftores, the proportion 
muft be formed on the general principles of attack. Oa : 
his arrival in camp, the engineers fhould, impart to him ths ° 
obfervations they have been able to make on the place and 
its environs ; and the commander in chief fhould comms. 
nicate whatever intelligence he may have received from 
his correfpondence within the town; the original ftate of 
ordnance and ftores may be then varied and adapted to cit- 
cumftances, that the fiege may be carried on with proper vi- 
gour. Thervads thar the laft convoy muft take to reach the 
camp fhou!d be covered from the enemy, till all the ftores 
are fafely arrived. 

16. If the officer intrufted with making out the ftate of 
ordnance and ores be fufficiently acquainted with the place 
and its environs, he fhould afcertain (according to the fun- 
damental maxim of all befiegers) avainft which front the 
attack can be made, the /ea/? expofed and with the greatef 
expedition : and examine v hether the fiege can“be bett car- 
ried on by regular approaches ; by taking advantage of any 
defect in the fituation, to brvak ground clofe to the works; 
or by blockade : and whether the former and latter parts of 
the direct attack will be fimilar. By the aid of this invefti- 
gation, the quantity and quality of ftores wanted for a fiege 
may be determined with the greateft accuracy ; but it will be 
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better to increafe the proportion, if the efcorts be large ; and 
to diminith it, when few troops can be {pared for this fervice. 

17. The primary confideration towards detiding the 
number and calibre of the pieces of ordnance, is to keep 
up conflantly a fire fuperiar to that of the place. 

‘The following are the particular rules for the obferva- 
tion of this maxim, in the firft part of the direct attack ; 

1. The proportion of 32 prs. for firing at the prin- 
cipal defences of the place, and covering the approaches 
to the creft of the glacis, ought to exceed by a third 
at lea‘t, the number that the garrifon can bring to bear 
on the at:ack, from the body of the place, or any of 
the outworks, capable of making a long refiftance. 

2. The proportion of 16 prs. for difmounting the 
enemy’s artillery in the ravclins, and other advanced 
works that may retard the progrefs of the befiegers, 
fhould exceed by a fourth at leaft, the number of guns 
in thofe works. 

3. The richochet firing is from 8 and 4 prs. the num- 
ber for enfilading any works thould never be lefs than 
three. 

4. Each of the works attacked fhould be enfiladed by 
at leaft three 10 in.h mortars, when the object is to 
difmount the enemy’s artillery ; and, by perpetually an~ 
noying them, oblige them to abandon their works. 
But if the baftions be cafemated, the mortars fhould 
be 13 inches in bore, and the number increafed. 

gs. As the richochet firing may be ftopped for fear of 
incommoding the workmen in completing the third 
parallel, two or three royal mortars fhould be planted 
in the fecond parallel, againft each face of the covered 
way, to harrafs the garrifon during the ceffation of the 
richochet-firing. 

6. Some ftone mortars may likewif: be placed in 
the finifhed parts of the third parallel, for firing into 
the covered way. 

18. Having determined the nature and number of the 
ordnance requifite for the firft part of the attack, the quan- 
tity neceffary for the fecond is then refolved on; making 
ufe, for this purpofe, of the guns planted in the firlt erected 
batteries, which ceafe firing when a lodzment is effected on 


the creft of the glacis. 
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barracks and magazines, (19) is from 250 to 300 
rounds a gun for each 32 pr. when the diftance is fhort, 
and the line of direétion nearly perpendicular to the objeéts : 
but for longer diftances, and very oblique directions, the 
number of rounds mult be regulated by the fituation of the 
place, and it’s environs; on the principles laid down in 
the third book of Military Architecture, and the Philofo- 
phical Inftitutions, with regard to the effe&t of cannon-fhot ' 
on walls. Large fhells are the beft for penetrating café- 
mates ; to produce the full effect, the mortars fhould be 
laid between 35° and 45°, and the thells projected with the 
greateft mitial velocity fhould fall perpendicularly to the 
plane of the object. 

22. The number of gun-carriages and mortar-beds,. a» 
well as {pare articles of cvery kind, is proportioned to the 
duration of the fiege: we generally compute three carriages 
for every two guns, and two beds for each mortar, whea: 
the fiege is expefied to laft about a month; the proportion 
is increafed for longer fieges, Th 
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The number of beds for each mortar is likewife increafed, 
when the chambers are to be filled with powder; as the 
thocks are then very violent, and foon render them unfcr- 
viceable. 

The quantity of tools for the pioncers, and for making 
fafcines and gabions, are regulated by the works that are 
intended to be thrown up; whether lines of circumvallation, 
or only approaches and batteries on the tront of the attack. 

The quantity of powder is computed from the number 
of rounds (20), and the propcrtion for cach charge; this 
is in general eflimated at } of the weight of the thot for 
Jarge guns, and hvif of the weight of the fhot for guns of 
{maller calibre The common charge for 13 inch mortars, 
including that of the fheil, is r2jlbs. of powder ; 63lbs. for 
the ro inch mortar, and 3 ‘Ibs. for royal mortars ; the charge 
for the ftone mortar is 4lbs. of powder, and for hand gre- 
nades, 3702. 

23. When artillery, ftores, &c. are tranfported by land, 
oxen, horfes, and fometimes mules, are ufed for drawing 
them. The weight that two oxen will draw on to:erably 
Jevel ground, is about g cwt. two horfes or mules will draw 
about 7. cwt.: in hilly countries, the weight fhould be dimi- 
nifhed by a fifth. 

The weight in cannon being more concertrated than 
in common carriages, five p.ir of oxen are harneffed toa 
16 pr. mounted on it’s carriage, weiching 364 cwt.; whereas, 
four pair would fuffice, if the weight were divided into four 
equal parts. In mountainous countries, the ammunition, 
tools, &c. are carried on beafis or burthen: a common 
mule will carry a weight of 2; cwt. and a full load for one 
of the ftronzeft, is 2} cwt. but every article that exceeds 
yicwt. fhould be put into catriagzs. It is much more 
expeditious and oeconomical to make ufe of boats, if there 
be any rivers or navigable canals in the country, that the 
convoys are to pafs through: to determine the number, 
the fize of the boats muft be known, and the foundings of 
the rivers ; as the freight of each muit be proportioned to 
the depth of water. 

24. To exemplify the above maxims, let us fuppefe ; - 

1. A fortified town NN (PI. 1), is to be befieged in 
form: that the nature of the foil is favourable for 
carrying on the approaches, and conftructing the bar- 
terics; and that the adjacent country is level, and 
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neither particularly advantageous nor .....lvatilepeous 
to the befieger. wee 
a.‘That the..works are reveted; the revetements 


of the common thicknefs; the height of the bodyof — 


the place about 46 fect; and of the counterfiarp, about 
20 feet ; the profiles juft, and the works mutually fank- 
. dng each other; no countermines, but cafemsies and 
magazines covered ftorn cannon-fhot; and an ample 
ptovifion of ftores of all kinds. ' 

3. ‘That from 16 to 18 guns may be mounted on 
the faces A, B, of the baftions in the front A B that is 
attacked ; and the fame number upon the four face 
C, D, E, F, of the ravelins.- . 

. That the garrifon is fufficiently numerous, com- 
porta of veteran troops, and commanded by experi- 
enced and gallant officers. 

25. The firft ftep towards making out the proportion of 

ery for laying fiege to the fuppofed fortrefs, (Pl. 1) isto 
draw a plan of the attack ; and then determine the number 
and nature of the pieces of ordnance, on the principles before 
laid down: the following will be the refult ; 

Twenty-four 32 prs. for the royal battery G. 

‘Twenty-four 16 prs. for the batteries H, K. 

Twelve 8 prs. for the richochet batteries M, O. 

Twelve mortars; four of 13 inches, and eight of so. 
inches, to be diftributed in the batteries L, N. 

Twelve royal mortars to be placed in the fecond parallel, 
for covering the fappers in the third parallel, when the richo- 
chet firing ceafes. 

Six ftune-mortars to be placed at Q, in the third parallel, 
to anno the befieged in the covered way. 

26. Upon the fame principles may be computed the quan- 
tity of artillery neceffary for the fecond part of the dired& 
attack: it will be nearly as follows ; 

{ PI. 2.) Five 32 prs. for battering in breach the ravelin 
P from A. 

Four 32 prs. for filencing from the battery B, the guns 
on the baftion Q which covers the ravelin P. 

Eight 32 prs. viz. five for battering in breach the baftion 
from C, and three to be planted in the battery O. 

‘ Six 32 prs. for firing from D againft the upper and lower 
lank KR, 
Three 
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Three ftone-mortars to fire from the battery E againt 
the ravelin P, 

Three ftone-mortars to fire from the battery F againft 
the flank R, which covers the breach N in the baftion Q, 

Eight 13 and ro inch mortars to fire from the battery G 
againft the flank R; on a fuppofition that its fire is fuperior 
to the counter battery D. 

Eight royal mortars to harrafs from the battery K the 
troops that defend the ravelin P, 

Eight mortars of different calibres, to harrafs from the 
battery H the troops that defend the baftion Q; and pre- 
vent them from throwing up intrenchments. 

According to this calculation, the artillery ufed in the 
firft part of the attack, will be amply fufficient for the fecond, 

27. The number of rounds for each piece is determjned 
by the duration of the fiege. In the cafe in queftion, the 
greateft number of days that the batteries will be open, . 
will be nearly as follows ; ; 

he 1.) The batteries G, H, K, L, M, NO, twelve days, 

he royal mortars in the fecond parallel, eight days. 

The ftone mortars at Q in the third parallel, fix days. 

(PI. 2.) All the batteries conftructed for the fecond part 
of the attack, eight days. 

28. The following is a proportion of ftores for carrying 
on a regular fiege, under thefe circumftances (24): the 
whole is fuppofed to be fupplied from one depot, and tranf- 
ported to the fcene of action, in carriages drawn by oxen 
along level and well made roads. This ftate will alfo ferve 
as a rule for ranging each article, in the clafs to which it 
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Siate of Artillery, Ammunition, and Stores of all kinds, for 
_ laying regular Siege to a fortified Town N N. 


Ne. of | Naof 
Ne. and Nature f No. and Nature of Gun- Pairs |Carts. 
. Ordnance. carriages. of 
; . ; Oxex. 
o Heavy 32 prs. carried 
* en 24 block waggons, ‘ 
with draught chains > ~ sscsssscsssssserssseeneee 1921 
' for ah pairs ‘of oxen to 
Hea 16 prs. mount- 
“t ed aM) travelling carri- : 
" ages with limbers and 0000 cececncccnccaserseee coos TZO}i — - 


‘draught chains for 5 
: pairs of oxen to each 
x2 8 prs. myunted on 
travelling | carriages, 
- with limbers and two Gene cane sone vate sbee cose cseceeee. 
pairs of oxen to each 


60 Guns. _ 36 Carriages for 325 
, prs. with limbers { 

and fide arms at 
2 pairs of oxen | 

ed | ee 

12 Spare carriages, 

with limbers for 

16 prs. and 36 

fers of fide arms 

6 Spare carriages 

with limbers, and 

18 fets of fide 

arms for 8 prs 

54 Carriages. 
Carried upon 7 block 
carriages with draught 
chains, for 5 pairs of 
oxen each asesuecd 


6 Stone mortars 
4 13 inch ditto 
8 10 inch ditto 


Carried over 


72 


12 


12 Royal 
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Brought over 461 
No. and Nature of Ordnance. 


12 Royal ditto, carried in 
z common carts, with teuesaueneseesararsuessersees dh 2 
2 pair of oxen each 
30 Mortars 6c Mortar-bedsat2toeach mortar 22] 22 
60 Sets of fide arms forthe mortars 1 +g 
Spare Articles. 
4 Block waggons, at 2 pairs of oxeneach.... 8] = 
24 Wheels thed with iron for 32 and 16 
pr. carria: CS kane aemeceerrecececcsccscoereneesene sees 
12 Whe.ls thod with iron for 8 ae and¢ %/ 32 
block ditto a aussi 
100 Axle-trees for carriages or ‘all forts wwe YO! 10 
200 Spunge-ftaves for QSUNS c.scessscrssones oo vonsenee 4 4 
100 Sheep-fkins for {punges «ss sctssnaiins ce 1 I 
Shot, Shells, and Grenades. 
28800 Shot for 32 prs. at 1200 rounds a gun 
and 40 to eCach Cart scssseccssrcerssessscennrees "§ 720) 720 
37280 Shot for 16 prs. at 729 rounds a gun, 
and Bo to each Cart ccssseseeseeseersenserseanereaes 216] 216 
7200 Shot for 8 prs. at 600 rounds, and 160 
TO CACH CAFE ceesssserenesosereeescenecerseescoenasersees 45 
2400 Cafe-fhot, half for - 32 prs. the other fort 
16 PRES -oicsnoune animinaiacnaaus 45 
4800 13 inch fhells, at 1200 rounds for each 
mortar, and 7 thells to each cart § 686) 686 
g600 10 inch fhelis, at_ 1200 rounds for | 6166 
mortar, and 15 fhells toeach cart ........ 4 4° 
11520 Royal thells, at 840 rounds for each mor- 38| 288 
tar, and 40 fhells to each cart. ..ssssrssssen 2 2 
42000 Hand grenades, at 500 to cach cart wwe 24) 94 
Carried over 318712716 
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: Pairs of Carts. 


Brought over 3187 2716 


2 Shot, Shells, and Grenades continued. 
$500 Fuzes for 13 inch mortars t 
$1006 Ditto for ro ineh ditto ... (Packed up in} 
33000 Ditto for Hath GittO ..s0e00e fand bags «is 
: 25006 Ditwo for hand grénades .. 
Bottoms of wood for the fone mortars .. 16] 16 
4000 Bafkets for ditto  cocccsssccsoccseresesrsseiesnerice 40] 40 


: .  Marhines ahd Cordage. 
606 Hand fpikts sivesemssnensveessrsectasessssacscsamnes IQ 


3 eee A00s Puce ease svn coes cone pees cece cacencces Suge necelgee 


) 

8 

@ Long ail gala i catescaee! 3 
4 

2 


‘'s eu 20 


5 ins coinple 50d 0000 pave Sone csen anes DOUsLnee soe see 
apltans vith =“). ; 
Hard Jacks 0.00 eae gage 
6 Ropes for guns, 25 fathoms each ....... 
& Ropes for gins, 15 fathoms each nw... 
ao Double flings aes ueldduves seas eosusedudeavvorsscads 
100 Ropes for tying the ammunition upon f - ed 
the waggons, 8 fathoms each os. 
100 Drag ropes, 10 fathoms cach... seu. 
26 Cwt. of cordage for tying and packing ... 4) 4 


Ammunition. 


5922 Whole barrels of corned powder, viz. .... 647] 647 


ewt. grt. lbs. 
2635 1 12 For 28800 rounds from 32 prs. 


Bt TOROS. © sccckiccicccsecceisctcsvenevveees 
790 224 For 17280 rounds from 16 prs. 
BE GEMS. -cececiesercesoevscs:desesensaseecoes 
305 1 20 For 7200 rounds & richochet, at 
VIB. YOOZ. Zr. csecccesssereseeres 


mortars, at 12 ]bs. 4 ozs. 12 drs 
including the charge for the thell 
Carried over 3945] 3474 


Ammunition 


527 0 16 For 4800 scundé for the 13 wet 
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Pairs of ) Curts. 
Oxen. 


Brought over 3945} 3474 
Ammunition continued. 

eur grr. tbs, - 
562 1 4 For q600 rounds for the ro inch 

mortars, at 6 lbs. 802. 14 drs. .... 
337. « g For 11520 rounds for the revalt 

thortars, at 3]bs, 402. 7 drs. 
146 1 20 For 4000 rounds for ftone et 


tars, at 4lbs. 102. g drs. ne 

21 324 For 12000 hand grenades, at 
JOD: GATS. crcsssccosssennr ones seeeeaas cues 
512 2 © For the infantry, at 2 of an oz. 
for each mutquet cartridge _........ 


282 3 1 ‘To fupply the waite and loffes, 
being in the proportion of i, at 
the whole ......esssenes susaaes! 

gt 0 0 of ne ee Sa Io] 10 
1830 0 0 mufquet balls includingg1 cwt. 

2 of piftol bullets i 2001 “A620 
BEOOOO FHnts:. <..cucoossrssnsesais tenance nsas coadssessadintines 4) 4 
660 Oil-cloths for covering the powder and 

BNALCD® ise siessescsesdices socesceodcaccotesnsevascsese ence cues 


Various Articles. 


2000 Oak planks for the platforms ..n..sssccssseores 200] 200 
YOOO Sleepers for dittO — ....cssrsesscarereeseesvonecneees ~ §0/ 50 
1000 Fir planks for the frame of the gallery of 
defcent into the ditch  c.sscsossecceeseee se datbites 7a 
§00 Beams for ditto cseccsccrsssvesssereeesseessersaeraes 30! 30 
40000 Sandbags — ....cecsssssssseseerenenen ERR Rene 16| 16 
G00 Ballaft batkets ..-.scsssssncssoess-seeransercssseraes 35| 35 
150 Cuiraffes with cafques forthe fappers ... 6 6 


gt Cwt. of greafe for the axle-trees and the t 
Jaboratory —seccrcsssessssesssessseesseescorssen eee 


Carried over 4576/4105 


Q4 Iron- 


248 SERVICE OF ARTILLERY 
. , : Falig Cart. 
ae: . Brought over 4576| 4105 
Tron-work and Nails. 


54 Cwrt. of iron of forts for the wheels ne 6 
axletrées of gun carriages sss 
36cwt. — Of forge iron in pee and rods re | 
cw, — OF fee] ceccencconssatenssssensanetacineweence 
agewt. — Of nails for WHEELS censssesessserneone 
54.cwt. — Of nails for platforms —swewinne 2 IO] 10 
g.cwt. — OF nails of 40 to the Ib. ssssssssssssee 
BZ Cw. mm OF irom Wie eresssescsesssosseneressteesees 


~ oN 


Articles for the Laboratory. 


36 cw, —— Of mealed powder nee neee noes Cane anecepeseses 
‘ 36 cw. —_ Of refined faltpetre Soeccoccevesscecanes uses 
18 cwt. — Of flowered papa: spilonscvennaieita 
4scwt. — Of far oe. wee anne nace sees eens BOES pncesennGumn gouceceee 
BS cwt, — Of pitch  ..ccececscseseees ce thine Sas i vonsanseseats 
4cwt. — Of packthread _........ 
3qrs. 8oz. Of men thread - 
3cwr. — Of woe | Packed in 
3 qrs. Of fine oe Sodtdnencast <asvses houee t 
Pere — OF glue rseeescsceenes 
3qrs. — Of yellow wax ase 
2ewt. 2qrs. Of wax candles ...J 
3245 Ls. Of Darras  cssccccressescsecsersessscsecseesseesees 
y2..6 Yds. of linen and cotton cloth wu... 6 6 
12 Keams of fine writing paper ...-sscsesessees 
10 Ditto of common paper ...... . 
40 Oil-cloths for covering the above articles 


UU DH 
ann wee 


wv 


Se 


Carried over 4624/4153 


Inftruments 
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Pairs of ,Curtt. 


Oxen. 


Brought over 4624/4153 
Inftruments for the Laboratory and work. fhops. 


3 Mealing tables with treftles .sssscssssssussasseseeee 2) 2 
40 Wooden troughs for mixing fufe compot-y 
tion sama sk ebkaien 
20 Heavy mallets for fixing a | 
40 Setters for driving ditto  ...csscecssessceesees 2) 2 
GO DB FOE Atte: resivetniseccessscisecsssnsnisninsees 
> Meme Fem ths sara passonrarscasanoieer ines 
24 Small bruthes for glue  ........cccrsessseessooseee J 
24 Tin funnels of different fizes for loading } 
fhells and grenades — osscccscssovscessceescersesens 
50 Rafps with handles .....scssccssssssssssaseseensoes 
50) Drawing Enives sic nciescessctoocscessparsnsesans a 
6 Sieves of hair or fine filk  .....ssesssssssnesescees 
G TAMPER aasitiissntscsessiscessscascsnasrcantincions 
12 Pair of fciffars Of forts — ssessrecsssseseecesseeee 
oO Augers and gimblets — .s..sssessssseeese 
%G Hedices ansboiaias sabaieaaacateeUieses ene 
BA GOTRES, aces rene wren cseeinseeseeramermcrnirnas 
Palit OF PIMcere | sccarmisnceecsssmmaccnniass 
150 Tin meafures of different fizes _....... eiesee 3} 3 


150 Can-hooks for fhells ......s:sssssssssesssesssoees 
TOO: Quadrants: — écsssssessscssstssssssecsscsecsssoasassoace 
1000 Pricking wires 
100 Lanterns of forts. ... 
60 Wire fieves  ......s.cseseee 
1 Bench for carpenters 
6 Buckets 

IMO PAS sesadcscssccsavcesateasesvecd sescsconed csextecsaasecies 

2 Large melting pots with iron trivets 
@ Small ditto  sescssssssenssasssoresessveroesies — 
6 Small axes 
12 Hand bills sesseenteg 
Steels, flints matches and tinder boxes ......00« J 


Carried over 4631:4160 
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Palys 
of Carts. 
Oxen. 


Brought over 4631/4160 


Intrenching Tools. 


5000 Pick-axes of kinds w.useecssscssseeseseesees 
10000 Mattocks with helves, fuppofing there are } 100! 100 
no lines of circumvallation to conftruct 
"600 Spades with helves sss.ccssesssesmseeceesservane sees 5) § 
“JOO Axes Of fOrts  .cscsescsreseesssscsssssensea seeseees 
YOOO Han bills  ...sssccssssessessscsoscsessectsen seen snes { 25| 25 


Tools for forty Miners. 


20 Tron mallets  ..ecsscssecssenccarssnvsssscseeccesscensces 
200 Jumpers and gads  vsesccssssccrsseseeeseaneese 


20 Hammers with heads and points ......-s00 
20 Cutting hammers ...sessseccnsssescretseessseeeee r 31 3 
40 Trowels ssn | 
20 Small {pades for cutting inca sees 
a Searchers in feveral pieces... auateadeassare 


Tools for thirty Carpenters. 


10 Crofs cut AWS  cosessccsscssscesscccnecenercsssecseenes 

20 Common ittO  ..secssssccseseceessesssecceneseeces 

BO Broad axes csssssecsesssessesesensscsscoressenrennsass 

20 Hammers .rcscorccccsrsssccsecsen sen soasssatavoe sanseces 

10 Sledge ditto  .....ssscsssssssesseecserseescessesesenes ; 
150 Chiffels and gouges of forts ....sesssecssserees 41 4 
300 Augers and gimblets ..sssssssesrsseesssereereee f 

6 Hand vices  sscccrsssccssssccersacssseetsesensenerenees 

TO Tron CrOWS — sscecsccssccsearsceseencacsererscesseascoes 

6G Planes — .sscocovees eb ceonceee vonecusece erence quot ovenseee 

10 Pairs Of pincers —seeesecsesssessessscereranerseenses 

Carried over 4768/4297 


Tools 
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Pairs of \Carte. 
Oxen 


Brought over 4768 4297 


Tools for ten Black{miths 


& Foiges complete, with anvils and ftocks 
20 Pairs of forge tongs of different fizes ....0. 
B Nail Borers cesssssssessssseseesesnssssensseece soos snsvenee 
£5 Flamamers sscciccssessosesseessesccsnsesecsensstenens ssesasee 
B Sledge ditto ..csssssscsssssecesseeseseeenees 
$0 Files of forts ....cccsssscsssessorsssssssnesessees 
2 Benches with beak irons and vices sss 
BPM y  assescesdisssssciorsaencusauctiarnicachtiadangisncdnaet 
Spare carts and oxen with each convoy 


The minets tools contained in this inventory, are for worke 
ing under ground, and piercing the wall of the counterfcarps 
but if the foil be rocky or very hard, there muft be a greater 
proportion of iron picks and fteel gads ; and the following 
articles fhould be added : iron jumpers cafe-hardened at the 
points; fmall iron fcrapers for clearing the holes; needles 
for charging them ; common iron crows of different fizes 5 
picks pointed with fteel; cutting mallets with fteel edges; 
and mallets with cafe-hardened points. 

2g: Should it be intended to attack two fronts at once; 
the quantity of guns, mortars, ammunition and tools of 
all kinds muft be increafed in proportion to the extent and 
ferioufnefs of the fecond attack. 

If only one front be attacked, and the works difficult to 
beat down ; as when conftructed of hard turf, goo or 1000 
ewt. of powder muft be added to the quantity in the inven- 

: fince after having made openings in the revetement with 
cannton thot, the miners muft be introduced for the purpofe of 
making practicable breaches; and the number of rounds al- 
Yotted for the mortars in the fecond parallel muft be aug- 
mented by about }, that the garrifon may be continual 
harraffed till the operations of the miners are compleated.” If 
the works be of common earth with one flage of counter- 
mines; the above-mentioned quantity of powder muft be 
allowed for the mines and mortars, and a third added to the 
quantity intended for the direct firings from the firft batte- 

nies, 


*. 
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ries, that a conftant firing may be kept up againft the des 
fences of the place, while the miners are bufied in exploring 
the countermives: with two ftages of countermines, the 
number of rounds for the mortars muft be doubled, and at 
leaft four times the quantity of powder provided for the 
attack of the countermines, — er with planks and jaifts 
for the thafts and galleries. hen there are no out -works 
- on the front attacked, the artillery and ftores defigned (28)' 
. for the attack of the ravelin may be omitted. Ft 
files of the out-works are too narrow to admit of cannon, 
the 16 pra may be eft out of theinventory: as the fire from 
the ro inch mortars will in this. cafe be fatficient againft the 
ravelin. ") ae 
“30. Thefe obfervations have reference only to ibe ee 
itfelf‘ but there are others to be made on the nature ‘ 
adjacent country, and the choice of carriages for the tranf-. 
port of ftores. If the fortrefs be fituated among mountains, . 
where it is difficult or perhaps impoffible to ufe lg Rar : 
ages, a greater number of capftans with ropes and pullies, 
both fingle and double, mutt We orevlied: that every ne: i 
article may be brought forward by men. If the fuil be fo 
rocky. as not to furnifh a fufficient quantity of earth for the. 
conftruction of the batteries, a proper number of facks filled 
with earth and wool mutt be tranfported to the fpot. 

T€ the town be furrounded with rivers or broad c2nals, 
fome wooden or leather boats with their apparatus fhouid 
be provided, together with a large quantity of treftles and 
evcry other thing requifite for conftructing bridges, for the 
paffage of the artillery and ftores, and for keeping the com- 
munication open between the feveral parts of the attack, If 
the flores be tranfported in boats or waggons, the oil-cloths 
for covering the powder, match, and other coibuftibles, 
fhould be much larger than when they are carried on beafts 
of burthen: when the latter expedient is adopted, ftrong 
nets mut be provided for holding the fhot and fhells; the 
weight put into each package fhou'd never exceed 13 cwt. 

3r. When the whole or a part of the ftores for the fiege 
is drawn from any fortified town, it ought to be as far dif 
tant as poflible trom the theatre of war: fhould it of necef- 
fity be a frontier town, the commanding officer of artillery 
ought to fignify it to the perfons at the head of his depart- 
ment, that the ftores he has taken away may be inftantly 
replaced ; left from fome accident, the fyftem of the war be 

fuddenty 


. 
‘ ae tt ll 
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fuddenly changed, and the enemy take advantage of the un- 
provided ftate of the town to attack it. 

Guns that are not perfe€tly good will anfwer very well 
for richochet firing and for battering in breach: when there 
are any fuch, therefore, in the town from whence the ftores 
are drawn, they fhould be included in the inventory, and 
after the fiege be condemned and fent to the foundry : like- 
wife any powder, carriages, cordage, fand-bags, or other. 
ftores that have been kept too long in the magazines ; fince 
a commanding officer of artillery may by fkilful and judi- 
cious arrangements employ them very ufefully, without detri- 
ment tothe fervice, yet greatly to the intereit of his fovereign, 
by faving the money that the purchafe of newarticles would colt. 

Finally, if there be reafon after the trenches are opened 
to apprehend that the obftinacy of the garrifon may fo far 
protract the fiege, as to render the fupply of ammunition 
inddcquate to the redu‘tion of the place, the commanding 
officer of artillery (hould give timely intelligence to the perfons 
chaiged with fupplying his department, that the operations 
may not be retarded or fulpended. 

32. The following return thews the leaft number of officers, 
non-commiffioned officers and privates for the fervice of the 
artillery at a fiege under the prefuppofed circumftances (28). 


A commanding officer 
Second in command 


Major 

An adjutant and affiftant 

Captains vceccccccses anccessssrseneesseesee 22 

Subalterns sacs 36 

Serjeants and corporals oss g2 

Bombardiers and gunners... 700 
840 

Sappers  cissscessccecssssesnsncnoenssnee seat sess 80 

Miners __...... 


Artificers for laying platforms and ‘ 
BrdeCE: wcntiedinnitnsacnwecces 


Total 1000 


* Befide thefe, a detachment from the line muft affit the 
bombardiers and gunners in conftructing the batteries, and 
working 
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working the artillery ; and a few fteady intelligent men picks 
ed out for sanving a6 the fap, Mla onetias of oar? 
termines, the number of miners muft be increafed to 80, . 
and with two to 160. The infanvy muf furnith fome i 
‘men for working under ground, nad building the fracoes af 
the thafts, branches and galleries, + 


CHAP. JE. 
Or -Convoys. 


; THe tng of arti ane flores in either 

a water: in tha foconee al eget Rey gh is 

for ali the carriages, and the roads are put in repairs i athe 
sich coummnodians: 


Be Gaon oe th: cimiesmanies eleier ok allay tam 
etived orders from the general to forward the gune, Gomi 
&c. contained in the inventory previoufly concerted 
them ; he difpatches an ex ed_ officer to the camp, thr ~ 
moment he hears that the} ¢ is invelted, to chesh'q | 

proper place for the park; : 1 hen the convoy marches ty’ 
Pn, he detaches one or two fubaltern officers to examine 
the condition of the roads and bridges, that they may be 

_Yepaired, or rebuilt if neceffary: in the mean time, the 
ftores are loaded and every thing prepared for departure. 

34. The roads fhould be broad and ftraight, for the Gke 
of thortening the line of march, and avoiding the delay that 
fometimes happens in narrow roads to a whole convoy from 
the breaking down or overfetting of a carriage, particularly 
of a heavy gun. In a mountainous country, where the roads 
are fleep, narrow and winding; they fhould if poffible be 
widened and mended ; if that cannot be effected, new ones 
muft be made fufficiently broad and ftraight. A fteep road 
is lefs inconvenient than a winding one; the difficulty in the 
firft cafe being furmounted by dividing the ftores into a num- 
ber of carriages ; but in the fecond, from the fhort turns, 
the guns muft frequently be dragged on fleighs by the fol- 
diers with the affiftance of ropes and tackles, with great lae 
bour and much lofs of time. 

35- Bridges, for the paflage of heavy artillery, are made 
either with beams, treftles, or boats. Should there be s 

neceflity 
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neceflity for paffing without delay a deep ditch lefs than 20 
feet in breadth, fix or feven beams may be taken from the 
neareit houfes or villages: when there are none within reach, 
fome trees meafuring 4 or 5 feet in girth fhould be inftantly . 
felled, and when ftripped of the branches laid acrofs the 
ditch, at about ten inches diftant from each other; and 
upon them a layer of boughs, or any wood that can be more 
ealily procured, 12 or 14 feet in length, and 4 or 5 inches 
in thicknefs; and the furface made fmooth with a coat of 
earth or turf. If no trees Jarge enough for this purpofe can 
pe found, or the ditch is more than 20 feet wide, a firm and 
fubfantiai bridge may be made by placing a treftle in the 
middle of the ditch, and refting the ends of the trees upon 
it; or in lieu of the treftle, a thick piece of timber fupported 
at each fide by two beams fixed in the banks; this crofs 
piece will be ftrong enough to fupport the ends of the trees 
refting on it. 

36. Bridges on treftles can only be laid over canals, or 
rivers that are not fubject to floods; as in cafe of a large 
fwell they would be in danger of being carried away. The 
treftles are generally made on the {pot of well-feafoned time 
ber that fquares from 8 to ten inches. Their height above 
the furface of the water fhould be at leaft 3 feet, and the crofs 
piece that forms the head 12 or 14 feet long: the diftance 
between every two treftles is 14 or 16 feet; and when the 
bottom of the canal or river is not rocky or gravelly, their 
feet are nailed upon fquare wooden frames, to prevent their 
finking. Six pieces of timber, 7 or 8 inches fquare, called 
baulks, are laid on the treitles, and the ends nailed down ; 
the whole breadth from cutiide to outfide of the baulks is 
from 10 to 12 feet, and over them are two layers of planks 
or cheffes 13 inch in thicknefs, and 12 or 14 feet in length. 
When the timber is green, the thicknefs fhould be increafed 
by 43 and, in lieu of planks, any wood that is 4 or § inches 
thick may be naiied on, and covered with turf or earth as 
before-mentioned (35). 

37. If the river be fubject to frefhes or very deep, the 
bridge i. made of hoats faitencd together two and two by 
fix \ell-feafoned baulks from 6 to 8 inches fquare, and of 
fuch a length, that the ends reft on the outer gunnel of 
each boat, after leaving an interval of eight feet between 
every two boats; they are nailed down to the gunnels of 
the boats, and covered with planks two inches thick ee 
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feet long ; a fecond layer of planks r# inch thick, and ro 
feet long is Jaid tranfverfely. The pairs of boats thus 
faftened together are placed at 8 feet diftant from each other, 
joined by baulks 6 or 8 inches fquare and ro teet long, nailed 
down to the gunnels, and covered with chefles as before. 
To every two boats there is an anchor, and a cable from each 
to hold them 2gainft the fiream ; and when from its great 
rapidity this is found infufficient, a fheer-line from each 
boat is made faft to the banks of the river. Rails 4 feet 
high are placed along each fide of the bridge for the fafety of 
paficngers. 

if the river be navigable an opening is occafionally made 
in the bridge, by placing the center pzir of boats almoft con- 
tiguous to thofe on each fide, and joining them by bauiks 
that are not nailed down ; thus, they may be eafily removed 
to give a paffage to any boats or veilels pafling up or down. 

To render the bridge more. fecure againit fwells, large 
ftakes are driven into the ked of the river, at the places where 
the anchors lay, and the boats are taflened to them with 
ftrong cables. And when there is any reafon to apprehend 
that the enemy have a defign of fending down with the cur- 
rent, boats suied with combuitibles to fet fire to the bridge, 
a ftrong iron chain fhould be ftretched acrofs the river, and 
fupported by fakes at about 12 foot above the furface of 
the water. 

38. When the bridees are made, and the roads repaired, 
the train of artillery, &c. feis off, divided into feveral con- 
vovs: forif the whole muved at once, the tine of march 
would be nearly 17 mules; fince cach pair cf oxen takes 
up at Jeatt ro feet, and cach carriage abuut the lame. “The 
ditribution fhould be made into four parts; this will enable 
the officers to pay mere attention, will render the march 
lefs troubicfome and tedious, and they will be more amply 
fupplied with provitions and terace on the road. : 

In the firft convoy thould be tent the intrenching tcols 
of a’! forts, that the troops may proceed to throw ep Lines 
and open the trenches, tugethe: wiih every article belonging 
to the liborato:y, and a certain propusiion of fhells and 
powder ; thar the laboratory may be cavantly citablithed, 
and tic necefiary preparations mede for the enfuing fiege. 

The fond convoy fhould be compofd of the guns 
gntenced for the roval battery, the murtars for the fecond 

parallel, 
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parallel, and about 200 rounds of ammunition for each 
gun ; together with the fleepers and planks for the platforms. 

In the third convoy fhould be forwarded the guns and 
ftores that will be fooneft wanted; and the fourth fhould 
include every other article contained in the inventory. A 
ftore keeper and deputy fhould accompany each convoy: a 
commiffary of artillery and fome clerks of ftores fhould be 
likewife fent to take account of all iffues. The ftores in 
each convoy ought to be claffed under the proper head, 
that every thing may be kepr dictinét, and without con— 
fufion: at the head of the Ine of artillery, fhould be a 
waggon carrying a gin and hand jack, with proper ropes 
and tackles, in cafe anv of the guns are overfet; the guns 
fhould fol'ow nex: on the block carriages, and then their 
carriages, ftores, &c. in the order Jaid down in the inventorv. 

The drivers are divided into companies fram 40 to 60 
each, under the direCtion of a conductor, who has the 
charge of the carts, and is refpoutible that the drivers are 
attentive to their duty. 

39 The detachment from the royal resiment of artil- 
lery, intended for the fervice of the fiege, is alfo divided 
in as many detachments cs there are convoys, and the: 
command of each is given to the elde%t oficer ; who pre- 
vious to the marci, gives the neceffary directions to his 
fubalterns. Whenthere are guns in the convoy, he pofts 
the molt experienced non-commiffioned officers and gunners 
on the flanks, to direct the drivers in the turnings and hol- 
lows of the roads, that the carriages may not be over{et 
through their unfkiltulnefs or negligence ; a fubaltern offi- 
cer fuperintends this particular duty: another fubaitern 
and a party is detached to the powder; and the remainder 
is divided into three parts ; of which one forms the van- 
guard, the fecond the rear-guard, and the third is diftri- 
buted in a fingle tile from front to rear, to prevent the line 
of march from being broken. A non-commiffioned officer 
and fome privates fhould be fent forward, to extinguifh all 
fires in the houfes on the fide of the road. If the number. 
of artillery-men be inadequate to thefe duties, the com- 
manding officer fhould apply for a detachment of infantry. 
Matters being thus adjutted, the drummets at break of day 
beat the general; and an hour afterwards the afemily, when 
the drivers harnefs their oxen; and at the third fiznal, the 
convoy moves in the order before-mentioned. At the 
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firdd Ggnai, the guit.r-maiter with the camp-colour-men 
and a waggon-malier, goes forward to the pace where it is 
intended tu halt, in order to prepare quarters and forage, and 
choofe a fpot for parking the ertillery ; it ougat to cone. 
tain all the carriages drawn up in a {quare, leaving between 
each file a fpace fufficient for harneffing and unharnefing 
the oxen. The park is formed as taft as the carriages arrive ; 
and guards potted for the fatety of the powder and ftores, 
and to prevent the cefertion of the ¢rivers. The forage is 
diftributed in fuch proportions, that the cattle may be able 
to continue their route at the appointed tme. ‘The guards 
fu-nith rouncs and patroles during the night, and allow 
no perfon to amproach the park, unlefs fent by the com- 
manding officer. ‘The fame order of march is refumed 
the next and following days, till the convoy reaches its 
deftination ; never moving more than 14 miles a day, efpe- 
cially with oxen. To prevent contufion, the drivers are 
obliged to keep the fame place during the whole march; 
and for the fake of punifhing irregularity, each carriage is 
numbered, and the driver wears a ticket in his hat. 

40. When part of the furezs are carried on beafts of 
burthen (23), in making up the tcveral convoys, they fhould 
be kept totally ditingt trom the carrizees; and the officer 
who goes forward to mark out the paik, ihculd pitch on 
one or two houles for lodging the flores, where thev 
may be ranged in their feveral ciancs, and the powder and 
other articies effectuady fheltered trom rain. If no fhelter 
can be found, fome mules laden with plun.s and fleepers 
thould march ct the head ef the convoy, to make platforms 
ter keepin the erticks that may be daimaced by wet, frem 
touching uie eround ; ead o:-cloths with which every 
mie ousut to be provided, fiounl be laid over the 
whole. 

qi. Venon the art: prartenances ore to be 
tranfocrted ia boats, fonis thids thould be laid under the 
euns and mortars, and fmall floors made of pinks for 
Jupportia:, che hot, hells, matca, &Xc. aiways leaving a clear 
ipace in tes widdle of the bout ior baming. 

Phe ores are tranfperted in wageons fram the maga- 
vines to the place of enibaraaion, wich fhould be tpa- 
cious cough io admit of many men bein employed at 
the fine tine. without confullon or dan.er of mixing 
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When there is a fufficient number of boats, the whole 
fhould fet off at once, and form but one convoy ; but when 
from the fcarcity of boats, feveral trips muft be made, the 
' preceding directions tor .land-carriage fhould be attended 
to, and a detachment of artillery fent with each. convoy, 
_ reinforced, if neceffary, by a party of infantry: a particular 
guard compofed folely of artillery-men, fhould be put on 
board the powder-boats, avhich in the evenings fhould be 
moored at a diftance from the others. The place of de- 
barkation having been pointed out by the commander ih 
chief, to the officer who was fent forward to the camp (33) 
the carriages which that officer has provided are ready to 
receive the guns and ftores when the boats arrive, and 
tranfport them to the park. The Janding-place ought 
to be fpacious and commodious, and a working party of 
infantry without arms fhould affift in unloading the boats. 

42. It is taken for granted, that the country, through 
which the convoy is to pafs, is entirely clear of the enemy’s 
troops; fo that the guard will only have to prevent 
emiffaries or marauders from pillaging or privately fetting 
fire to the ftores, or endeavouring in any other method to 
deftroy them or impede the march. 

But if the country be infefled with flying parties of the 
enemy, it will be neceffary to take other precautions with 
regard to the march and halts of the convoys; according 
as the danger feems more or lefs preffing. “Ihe train of 
carriages, &c. fhould be drawn up if poflible in fome fecure 
place, as a walled town. In cafe of parking in the open 
country, a ftrong fpot fhould be pitched on, and the accef- 
fible points fortified with pallifadces or abbatis. 

43. The neceffary difpofitions to be made in marching 
through a fufpected country, may be reduced to the fol- 
lowing cafes: when there is apprehenfion from flying par- 
ties only, detachments to check their incurfions are pofted 
in the towns and places contiguous to the route of the 
convoy, and a fufficient efcort marches with it for its pro- 
tection. 

When the convoy is expofed to be attacked by a con- 
fiderable body of troops, there are three methods of covering 
it: the firft, by marching a corps fuperior in number to the 
enemy, between them and the convoy, till it reaches the 
camp; thi’ fuppofes but one convoy: if there be feveral, 
this corps muft advance to the Soe follow their motions, 

2 and 
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| ys is referved for 

the centre: the fourth part is diftributed in final! detach- 
ments along the flanks, to feize pofts and occupy crofs 
roads, &c. till relieved by the rear-guard. When the road 
is 25 feet wide, the carriages move two a breaft, to fhorten 
the line of march, and be the more ready to repel an attack. 
. Previous to croffing a bridge, or entering a defile, the 
country on the other fide fhould be reconnoitered for fear 
of an ambufcade, and the carriages drawn up in feveral lines 
clofe to the bridge, that the efcort may be as much as pof- 
fible collected together: on moving forward, the former. 
order of the march is refumed. If during the march an 
order be given to prepare for adtion, the officer of artillery: 
will inftantly form the carriages into an oval an oblong 
figure, prefenting the longeft fide to ghe.enemy, with the 
heads of the horfes or oxen turned toward the centre, that 
there may be no poffibility of their running away: the 
infantry may be fometimes compelled to retire behind the 
line of carriages, the powder wagyons therefore for fear of 
; accidents 
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accident fhould be placed in the centre. But when from 
the nature of the ground, it is impotlible to form in this 
manner, the carriages fhould be drawn up in two or more 
lines, that the infantry may retire behind them, always 
placing the powder waggons at a diftance. ‘The ‘guns 
mounted on travelling carriages fhould be placed in fitua- 
tions, where from the nature of the ground, and the difpo-~ 
fitions of the enemy, their fire may have the greatett effect. 
When the convoy confifts of beafts of burthen, they fhould 
be drawn up clofe to each other, and in one line, that the 
infantry may from behind them as a parapet, dire their 
fire again{t the enemy. 

Send orders fhould be given to the drivers under the feve- 
re(t penalties nut to unharnefs tefore they arc ordered ; 
which can only be, when the efcort is obliged to abandon 
the convoy: the artillery-men fhould in that cafe, before 
they retire, privately difpofe fome fire that it may commu- 
nicate to, and blow up the powder and ftores, fo foon as the 
efcort is out of danger. - 


CHAP. Uf. 


Or tHE Park oF ARTILLERY. 


45: Tu E park of artillery fhould be eftablifhed in a 
Secure place out of the reach of cannon-fhot from the town, 
and as near as peffible to the front attacked: it fhould be 
‘fo {pacious that the different ftores may be feparately claffed, 
and loaded or unloaded without delay or confufion. With 
thefe requifites it is indifferent whether its figure be regular 
or not. 

The carpenters, miners, and fmiths fhops are ‘fixed 
fn the houfes contiguous to the park; when there are no 
convenient houfes, fheds are made of planks covered with 
oil-cloths. A large houfe at a proper diftance from the 
park is chofen for the laboratory ; and fome detached build- 
ings furrounded with walls and hedges for lodging the 
powder. . 

46. The waggons fhould be unloaded as faft as “hey 
arrive at the park, and fent back; referving a proper nu. 
ber for tranfporting the guns and ftores to the batteries. 

R 3 The 
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‘The guns .are drawn up in one or two lines; the 32 prs. 
mounted on their carriages ; and the whole furnifhed with 
fide-arms, coins, hand-ipikes, and limbers, to be ready 
for fervice. The mortars are left upon the block waggons ; 
and the thot of cilferent diameters feparated from each 
other. The intrenching tools are depofited at the park ; 
the artificer’s tools fent 10 the refpective work fhops ; and 
the laboratory itores to the laboratory; the powder is 
lodged in the buildings aliotted for it; a fpace is left for 
the wagons that are to remain; and the tents of the 
artillery-men are pitched where they can beft guard the park. 

During the night a patrole goes conftantly round the park 
and laboratory, to keep off pillagers or fcouts of the enemy, 
and guard againft fire; fuffeting no ftranger or idle perfon 
to approach A ftrong guard is ftationed over the pow- 
der magazine, allowing none to come near it but thofe 
who are known to have bufinels. All thefe guards fhould 
be iurnifhed by the infantry, that the artillery. men may not 
be diverted from other neceffary duties. 

47- Things being thus difpofed, the artificers are fet 
to work ; the carpenters to prepare timber for con(tructing 
bridzes over the ditches, and laying the platforms of the bat- 
teries: the miners to make ready the frames for the defcent 
into the ditch, and the attack of the counterinines 3; and the 
fmiths to repair any of the iron work that may have been 
dameged. 

The fenior officer of the bombardiers fupcrintends the 
jaborsery. Ail the combafivle articies are lud:ed, the 
ccupohnons mixed, and the tutes driven ia the rosms 
laaft expofed to accident; and the thls end grenades are 
isaded under a fhed feparated trom the other buildings, 
‘{ucee or tour fmall furnaces ave eret-d in convenient 
piace? for melting the piten end giue. 

‘Sue working hours ace re cuited, and the greateft ho- 
ney and fobricty recommended. “The flours of the rooms 
~vcre the fufes are driven, and tne compo‘itions mixed, 
ae covered with otl-ciuths : ail iron teols are forbid to be 
wicd5 no perfon is fuizered to brin. in fire of any kind, 
nor are any of the people empioved at the rurnaces aliowed to 
o. * the noufe: the loaded thes 2 put by thenfclves. 
Y. tombardiers fhouid reject ull pat or rotten fufes, 
ie ae (Reads burit imaedistely on being fired; they fhould 
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CrHarp. Iv. 


Or tHe Cossrrccricy CF THE F:2!5T BATTERIES. 


48. Ta E of 25 of the befece, in the co Sadion df 
his firft batteries, is: Ciinount tke canno:. in the front 
attacked, deflroy the en.brazures, and harrais the 22rr:iua 
fo much in the feverai puns or Cefence, that they may be 
obliged to aband sr. them, or zt fea? Dacken their are; that 
the approaches may Le ceread on with more expeditions 
and lefs danger: 32 and 16 prs ire ocd fr this purpote 5 


fo as to five directs azart tie works: ihe ecifices in the 
town are lixewife cann-nsled croim thee batteries (19). 
The befieged are perpetials hiarrcied ziong the front at- 
tacked, with fhot and fhe:.s fired a ~ichscket 3 the batteries for 
this purpofe are made «ithcut embrezures, on the aces of the 
attacked works produced; v.hence they are entiaded with 
great precifion and effect. 

49. There are three kinds of batteries with embrazures ; 
funk, level, cr raifed on casa'iers: the firft require fewer 
workmen, and are fooneft made, veherefore thev are always 
preferred when the ground permits: thofe on cavaliers are 
never erected but trough neceffity, their conftruétion being 
very tedious and laborious. 

(Pl. x.) If the ground at the points G, H, K, be fome feet 
higher than at P,Q, the batteries erected at G, H, K, may 
be funk, If G,H,K, and P,Q, beon the fame level, 
the batteries may be Iikewife Jevel ; and when the ground 
at P, Q is higher than at G, H, K, fo that the fap cannot 
be casricd on without the fappers being endangered by the 

Ry4 firg 


" . when at a greater diitance, the thot will ofte ‘of | 
effect; and when neare:, they will be too much expoled te 
the mufquetry of the place. Upon this principle, it fometimes 
happens that two batteries are joined together, and prefent 
a falient or re entering angle towards the place ; and at other 
times are entirely feparate : this difference proceeds folely 
from the ciftance between the battery and place, and the 
relative fituation of the works. 

(Pl. 1.) In this cafe, there are but three batteries with 
embrazures, viz. G, H, K ; each of whicn has two faces 
prefenting a fatiant angle towards the place. 

If tiefe batteries were erected at the points R nearer to. 
the piuce, the faces would be feparated, and there would be 
fix fingle batteries R : again, if they were erected at S, far- 
ther ditant than G, H, ra there would be three batteries, 
each prefentiny a re-cntering angle towards the place; and 
if cazried farther back as to 1, there would. again be fix 
fingie batteries. : 

Lf, inflead of varying the diftances of the batteries from 
the place. we fuppofe a difference in the relative pofition 
of the works, the batteries in order that their fire may be 
foe wes perpendicular 
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perpendicular to the faces of the works, muft be erected 
more to the right or left, which will occafion fimilar 
changes in their figure and fituation. 

Some artillerifts having obferved that the batteries S, T 
eftablifi a crofs fire, concluded that they were preferable to 
batteries G, H, K, the fire from which does not crofs; but 
to deftroy fo erroneous an opinion, it is fufficient to recollect 
that a crofs fire is only advantageous when the point of in- 
terfeciion falls on the object to be battered, when being 
thus taken in front and flank, the effect is greater. The 
lines of direQion G A, LA, are precifely of this kind, as 
they b.tter in front, and enfilade at the fame time the face 
Aj; whereas in the crofs fire X A, X B, thouzh the lines 
of dire€tion interfe& each other at the point Y, yet their 
effect upon the faces A, B, is the fame as if they did not 
interfeét each other, and were drawn from the battery G. 

By heb» of the directions given in this and the firft chap- 
ter, it will be eafy in every cafe to determine the number, 
Gtuation, direGtion, and kind of batteries moft proper for 
battering the works, demolifhing the buildings, breaking 
through cafemates not conftructed with fufficient folidity, 
and cannonading with red-hot fhot; it only remains then 
to point out the method of conftruStion. 

51. In regular fieges, batteries are conftructed with faf- 
cines and pickets to give them the requifite folidity. 

So foon as the engineers have carried on the approaches 
to the places where the firlt batteries are to be eredied, the 
commanding officer of artillery makes a difpofition of his 
officers: he detaches a captain to each of the moft confi- 
derable batteries as G, H, K, and puts under his direétion 
a competent number of fubalterns, nun-commiffioned offi- 
cers and gunners ; he then accompanies the eldeft of the 
captains to the fpot where the battery is to be erected, and 
traces it out with pickets, leaving an interval of 20 feet 
between every two guns; he does the fame at the other 
batteries in fucceffion. The captain of the firft traced bat- 
tery returns to the magazine, where all the artillery men 
and parties of the line that are to work at the cenftruction of 
the batteries during the night, aflemble before funfet. The 
adjutant of artillery makes the difiribution of pioneers, in 
proportion to the extent and kind of battery, allotting 14 
or 16 men to every 20 feet in length, when the battery is 
to be with embrazures, and funk; and 20, or 25 when it 
to be raifed, the exact number of men being determined by 
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ae om penis ‘Ar funfer, the captain takes 
. of, the fubalterns, and 4 lew men 10 
fafcines, p Picts, and mallets, and marks out the baniery 3. 


making his detachment obferve the roads and turnings, that 
acne men. ety up the Rares may not miltake the on 
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to" Ronn at 20 feet diftant and peel 
are planted at every 20 feet to mark the centre he irec= 
tion of eacht embrazure. On the interior face, 12 inches 
are fet off to the right, and as many to the lelt of each 
picket ; and on the exterior face 43 feet to the right, and as 
many to the left, which gives the form of the merlon. A’ 
trench is then dug on the interior face 22 feet deep, and 
- lined with fafcines picketed to the ground : to give the battery 
greater fojidity, a firatur or layer of long pickets is placed 

with the heads refting on the upper fafcines ; thefe heads which 
are about 6 inches in diameter foim part ‘of the interior re- 
vetement: the remainder of the merlon is traced with fafcines 
picketed to the ground. 

The ditch is then enlarged towards the country, and the 
earth thrown into the merlons: in proportion as they are 
raifed, other fafcines are placed, and a layer of long pickets laid 
between every two rows of fafcines along the fides of the 
embrazures, and between every three rows along the interior 
and exterior faces ; the flope on both faces is a fourth part of 
the height. In general, the merlons are not raifed above.three 
feet the firft night. At day break the workmen are relieved 
by a frefh working party, and the ground levelled, that the 
carpenters may lay the sans At fanfet a freth party 

completes 
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completes the battery, conftruéts the powder magazines, 
and mounts the guns on the platforms as faft as they arrive, 
that the battery may be ready to open at break of day. 
While the batteries are erecting, a part of the line make 
two trenches of communication between the flanks of the 
battery and the neareft parallel ; this degachment is likewife 
relieved every 12 hours. z 

53- In level batteries, the figure is firft marked out with 
fafcines picketed to the ground, and not lefs than 20 feet 
allowed for its thicknefs when the foil is firm and tena- 
cious, and 25 feet when it is light or ik leaving a berm 
5 or 6 feet wide on the exterior fide. he workmen then 
begin to dig theditch, throwing up the earth toraife the bat- 
tery; upon the fecond fafcine, on the exterior face is placed 
a layer of long pickets, and on the interior face another row of 
fafcines, which gives the height of the cell of the embra- 
zure. ‘The ditch inftead of being widened thould be deep- 
ened as much as poffible the firft night, that the pioneers 
may the next day work under cover. The battery is feldom 
raifed above 24 feet high the firft night: the merlons are 
traced in the manner before direfted. At break of day 
this working party is relieved by another confifting of half 
their number ; they enlarge the ditch all the day, throwing 
up the earth to form the battery or merlons, if traced. 
When the embrazures have not been marked out, the 
fenior officer plants the pickets at fun-fet for determining 
their direction, and completes the tracing of the merlons 
at the arrival of the frefh working party, which fhould be 
as numerous as in the preceding night; for the fake of 
difpatch, a proportion of work is allotted to each man, that 
the battery may if poffible be finifhed that night, which 
however rarely happens when the nights are fhort. During 
this night allo the platforms are laid, and fome guns brought 
to the battery, if they be covered from the enemy’s fire 
during the next day. The following day and night are 
employed in conftructing the powder magazines, completing 
the ‘batterics, and priparing every thing for cpering them 
on the third morning at fun rife. Jouring the firft night 
alfo, the communications between the flanks of the batteries, 
and the neareft parallel are made, that in cafe of a fa'iy from 
the town, every part of the trenches may be mutually fup- 
ported. 

54- In conftructing batteries on cavaliers, the firft Rep is 
to raife the ground to the fame height as the intermediate 
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ground between the battery and the place. Too: 
pioneers cannot be employed-in this work during the’ 
but-during the day fo many only as can be covered ) 
enemy's fire;) and to expedite the work, the foil neareft 
hand is ufed. «The breadth at top fhould be atleaft 45 
and the flope two thirds of the height. A berm of 5 fea — 
is left towards the place, and the dimenfions of the — | 


Scares inactds SDhncty ori 
ap } is made for the ng up the r 
and adjoining to it is conftrugted the powder magazine. 


Po will convey a juft idea of this fpecies of battery, and 
at the fame ton a convincing proof: that wockee hee 2 " 


ata fiege, without an ubfolute neceffity. 5, Bi 


ways r 
ground be on the fame plane with the place, that greater 
part of the ramparis: may be thereby difcovered : but if we 
reflect how high the cavalier muft be raifed or 
foot of the revetement can be feen, it will appear tha i 
a» trifling advantage by no means compenfates for the lols 
of time and labour ; betlides, as the firfl batteries are intended 
to difmount the artillery of the place, and dettrey the de- 
fences, this end will be fully anfwered when the befieger 
from them can fee his objects without endangering the lives 
of the fappers, or intcrrupting their progrefs. 
55- So foon as the fecond parallel is completed, the firft 
richochet and mortar batteries are conftruéted at the points 
whence the faces of the covered way, and the attacked 
works can be enfiladed with moft effe&t (17). Thhefe bat- 
teries fhould be completed in twenty-four hours; where- 
fore, 14 or 16 pioneers are allotted to every 20 feet; the 
parapet is faced with fafcines, and the trench enlarged as 
much as may be neceflary: paffages of communication are 
made round the rear, to prevent any embarraffment; and 
the powder magazine is conftructed in the fpace between 
this communication and the battery. When the richochet 
batteries can be incommoded by a plunging fire from the 
cannon of the ramparts, embrazures fhould be made from 
6 to8 feet wide, floping inwards: by this expedient the 
guns will be concealed, and may be placed clofer to the 
parapets. When the fappers begin the third parallel, os 
re 
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fire from the richochet batteries ceafes ; fome royal mor- 
tars are then placed in the fecond parallel to annoy the 
troops in the covered way; and for the fame purpofe, 
fome ftone mortars are brought into the third parallel, 
fo foon as any part of it be finifhed. The batteries 
for thefe pieces need not be faced with fafcines, unlefs the 
foil be fandy; it being fufficlent if they refift the fhock of 
the difcharge. : 

56. The guns and mortars are drawn to the batteries 
during the night, along the roads leaft expofed to the ene- 
my’s fire: proper bridges having been previoufly laid over 
the trenches for their paffage : the horfes fhould be changed 
where the ground is level, and any that are killed or wound~ 
ed immediately unharneffed. 

If the road be expofed to the fire of the enemy’s chil 
quetry, two or three guns only fhould be brought forward 
at a time, to avoid the contufion that arifes when any of 
the horfes or drivers take fright. In mountainous fitua- 
tions, where the mufquetry of the place has a great com- 
mand. new roads for the cannon fhould if poffibie be made 
lefs fteep and expofed. In fteep and winding roads that 
cannot be made practicable for horfes, the guns muft be 
dragged by men: when this muft be performed under the 
fire of the place, ftrict filence and regularity thould be ob- 
ferved, and the whole halt and move forwards at once, 
by Ggnai from the commanding officer. 


CHAP. V. 


OF tHe Dairy SERVICE OF THE FIRST BATTERIES. 


57- Tue batteries being compleated, the general of 
the trenches for the day gives an order for them to open; 
and immediatel; each battery directs its fire againft its par- 
ticular obj-ct. 

The richochet and mortar firing is continued, but the 
dire firing ceafes during the night. By ufing moderate 
charges, loading the guns with care, and pointing them 
with accuracy, the fervice will be carried on with precifion 
and effet: for wien the guns in the firit batteries are fired 
with the charges that produce the longeit ranges, the object 

is 
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firing is to be continued day and night, the coins and plat- 
forms fhould be marked that the elevation and dire@tion may 
remain the fame. 

In batteries for throwing red-hot fhot, a large i irorr grate 
is fixed behind the battery ; the fhot are laid in it anda 
ftrong fire kindled: the proper charge for throwing the thot 
into the place with an clevation from 8 to 12°.is put into 
. the gun with a wad and’ turf over it; then the gun being 
pointed and primed, a gunner fpunges it out with a wet 
fpunge, and with a pair of pincers puts the red-hot fhot into 
the gun, and another gunner inftantly fets fire to the priming 
with a match. Theie batteries likewife fire night and day ; 
but as the guns are foon heated, the firing ceafes at proper 
intervals to allow them time to cool. 

60. The mortars intended to enfilade the works in order to 
: difmount 
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difmount the artillery and harrafs the befieged, fhould be laid 
at {mall elevations, that the fhells may nor bury themfelves : 
and when froin the fmall extent of the work to be énfiladed, 
this method would produce no effect ; the charges fhould be 
diminifhed and the elevation fixed between 35° and 45°, 
being that, as has been already obferved, which is leaft liable 
to irregularity. Mortars defigned for breaking through cafe- 
mates fhould be fired at the higheft elevation and with the 
Jargeft charges, that the thells may produce the greatett effect, 
fuppofing they fall ona horizontal plane: but if it be inclined, 
the charze muft be fo combined with the elevation as to 
caufe the greaieft poflible thock. The folution of this pro- 
blem may be found in the effay on projectiles. Seidom more 
than 5 reunds from each mortar can be fired within the hour, 
frem the very great attention neceffary in load.ng and laying 
them. The fchool practice will fhew the fervice of ftone 
“mortars at fieges ; the fhowers of itones projected from them 
produce great effect when fired at an elevation between 40° 
and 50°, and with a range not exceeding 270 yards. 

61. In cafe of a general fally of the garrifon, the officers 
will direct as heavy a fire as pc-flible from the batteries againift 
them, bring fome of the guns to the flanks of the battery to 
cover the adjoining parallel; and ufe round or cafe-fhot accord- 
ing to circumftances. There are frequently fome field pieces 
placed on the flanks of the places of arms for checking for- 
ties. If, in fpite of thefe difpofitions, the guard of the 
trenches is overpowered, and the enemy are on the point of 
getting poffeffion of the batteries; the artillery men fhould 
difcharge all the guns, and carry the fide-arms into the paral-~ 
lel in the rear, left the eneniy turn the guns upon them. 
But thefe enterprizes cannot te of long duration, for as foon 
as the befiegers advance in force, the garrifon will be com- 
pelied to retire; the artillery-men fhou!d then inftantly re- 
turn to their batterics ; and in the firft place examine the 
magazines to fee that the enemy have not concealed any fire 
in them; they fhould then recommence their fire againit the 
troops of the fortie, and when the action is over repair any 
damage that may have been done to the battery. 

’ 62. The commanding officer of artillery will vifit the bat- 
teries every morning to fee that the fire be well directed, 
and examine the eftects of the preceding day : he will then 
go and make his report to the commander in chief of every 
thing within his department, and fubmit to him his ideas on 

: the 
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ters in breach the other may play on the defences that cover 
the breach. ‘The fecond ~barteries will be properly 

difpofed, if while one bombards the work that the befieger 
intends to give the aflault to, and prevents the garrifon from 
throwing up intrenchments within it, or at Ieatt rerards their 
conftruction 5 the other dirzcts its fire againit.the works that _ 
defend the breach ; fo that the garrifon may from the conti-" 
nual fhower of {hells be compelied to abandon the defences ; 
or, if they perfift i remaining, be expofed to great lofs. 

64. When the trenches are advanced under the fire of the 
firft batteries far enough to e(tablith the batieries in breach, 
the artillery-men will conitruct them on the points whence 
their fire may the moft {peedily and effectually render the 
breaches practicable. - 

If the profiles of the works be advantageous far.defence, 
and there be no commanding points, the batteries in breach 
and the collateral batteries muft be ere&ed on the creft of the 
glacis; but if there be a rifing ground, whence at leaft half 
of the circuit of the place can be teen, and any points nearer 
to 
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to but lower than the works, whence they can be battered 
with effect, as in the cafe of the place being built on an 
eminence and much expofed; then the batteries in breach 
fhould ‘be ere&ted on thefe points and collateral batteries efta- 
blithed to deftroy the defences. 

Each battery fhould be erected oppofite to that part of the 
fortification which it is intended to batter; and the breach 
will fooner be rendered practicable, if fome guns can. be 
brought to bear upon it obliquely. The fervice of the mor- 
tars will be moft exact, when their batteries are perpendicular 
to the faces produced of the works that are to be bom- 
.barded; thofe for the ftone-mortars fhould be eftablifhed in 
the moft advanced lodgements, taking care that the ftones 
from their {preading can do no injury to the befiegers. 

65. The third batteries are conftruted on the outworks 
of the place: when there are two lines of cut-works, the 
befieger after reducing the firlt, muft erect a fourth fet of bat- 
teries in the outworks moit contiguous to the body of the 
place; he will alfo be under the neceffity of doing this, 
whenever the body of the place is conitructed on a /y/fem of 
demolition, or with double baitions; he muft determine on 
the {pot from actual obfervation, whether there be any readier 
or furer method of reducing them than by opening breaches. 

66. In the fecond plate thefe directions (63, 64) are 
exemplified : the battery in b:each A is oppotite to the part 
MM of the face of the ravelin in which a breach is to be 
made, and fome guns might if neceffary be placed at I to 
bear on it obliquely; the collateral battery B is directly ope 
pofite tothe part Q that flanks the face MM. The battery in 
breach C is oppofite to the part N N of the face of the baftion 
in which a breach is to be made, and if the ground at C 
does not admit of a fuflicient number of guns, two or three 
may be planted on the face O of the place of arms, or on 
the lodgement made by the fappers within it; thele two bat~ 
teries will be fupported by the collateral battery D oppofed to 
the flank R. 

The face MM of the ravelin and the flank R are enfiladed 
from the mortar battery G; and fome ftone-mortars are 
placed at F and E, to project ftones into the flank R and 
the rayelin P, and interrupt the communication between the 
ravelin and the body of the place. The mortar battery K 
enfilades the ravelin and its communication, and contributes 
to annoy the flank R, and the part Q_ that covers the vp 
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Me finally, the mortar battery H enfilades the facé N Q, 
as well as the interiot of the baftion. 

If there be a cavalier, tenaille or fauffe-braie, fo as ta 
make Ra double flank, the number of mortars fhould be _ 
increafed, : 

All the difpofitions here laid down for attacking the body 
of a place, are equal applicable to the attack of a more ex 
tended t, whether covered with horn or crown-works. 

. With counter- guards before the baltions and ravelins, 
the batteries in breach fhould be conftruSted in fuch a manner 
that after the counter-guards are reduced, the guns may bear 
on the works they covered, in cafe the profiles of the coun- 
ter-guards are too narrow to admit of the third batteries 
being ereéted on them. Thus, batteries fhould be erected at 
A, B (PI, 3.) to open a breach at CC correfponding roe pat 
KK ofthe face of the ravelin; and other batteries at D, E to 
open a breach at F F correfponding to the part LL of the face 
of the baftion, The collateral batteries fhould be ereéted 
p dey to the preceding maxims; one at G to bear upon the 

anking part; and another at H to bear upon M. When 
the believer after getting poffeflion of the counter-guards, 
finds himfelf under the neceffity of conftructing a battery at 
N toruin the defences O of the breach K K and another at 
P to ruin the defences Q of the breach L L, and the cour- 
fer-guards are fo narrow that the guns cannot be brought up 
through the breaches CC, FF to the refpective batteries 
N, F; he mift conftruét four others on the creft of the 
glacis; viz. one at R to make a breach at N where the 
guns may be got up, and a collateral battery at S to ruin the 
defences T ; a third at V to make a breach at P in order to 
get up the guris ; "and a collateral battery at X to ruin the de- 
fences at Z. Under this fuppofition, the number of guns 
for batteries on the creft of the glacis, will far exceed the 
number requifite for the firft batteries; which muft be allowed 
for in making up the proportion of ftores (28). 

The rules given for the mortar batteries will be equally ap- 
plicable to this as the preceding cafe (64), and will give the 
fame pofition Y., : 

68. The batteries conftruéted on the creft of the glacis 
are always funk, fince the lodgements made there form a 
parapet. It fhould never be lefs than 20 feet thick; and for 
greater folidity the interior part fhould be faced with fafcines. 
The diftance between every two guns is 20 feet, a 
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of the traverfes of which there fhoujd be feveral to prevent 
the batteries being enfiladed. The interior width of the 

* embrazures fhould not exceed 20 inches, that the gunners 
may be fheltered as much as poffible from the mufquetry of 
the place; without this precaution the fervice will be much 
retarded, : 

If the place be fo fituated that it can be battered in breach 
from any of the adjacent points, batteries fhotld be erected 
on them without regarding the lodgments on the glacis ; 
thefe batteries may be either funk or raifed according to the 
nature of the ground. bi 

The artillery-men being very much expofed to the ene+ 
my’s mufquetry during the conftruction of the fecond bat~- 
teries, the general of the trenches fhould order a number of 
markfmen to be ftationed at proper places behind fand-bags 
or gabions, to keep up a continual fire on the parts whence 
the artillery-men are moft annoyed. While the batteries are 
erecting, the commanding officer of artillery gives the necef- 
fary orders for moving the guns towards them, caufing pro- 

_ per bridges to be laid over the trenches for this purpofe, 

If there be adry ditch in the way, a {lope may be made 
for getting the guns acrofs; but if wet, a bridge muft be 
thrown over. When the approach to the batteries is tole- 
rably level, the guns may be drawn up by horfes one ata 
time, to prevent the confufion that generally enfues when a 
gun is difmounted or a driver killed: when the approach js 
Narrow and fteep, the guns muft be dragged by men. © 

69. The batteries for making breaches fhould fire day and 
night, directing their fire againft the foot of the wall; and 
afterwards againft the counterforts: fince the earth foon. 
crumblics down, when the counterforts that fupport the wall 
are beat down. A wall not very thick and folid is foone(t 
demolifhed with fmall charges and an oblique direction ; on 
the contrary, the charges that give the greatett initial velo- 
cities fhould be ufedagainft walls of great thicknels, provided 
-there be no danger of the guns becoming unferviceable before 
the conclufion of the fiege. It will be likewife proper to fire 
falvoes, ie. to difcharge all the guns together ; as befide the 
holes made by the fhot, the adjoining parts are more violently 
.fhattered, even in the moft folid revetements. The collateral 
batteries feldom fire during the night, their primary object 
being to difmount the artillery of the place, and enlarge the 
embrazures fo as to render it dangerous for the befieged to 
ae 52 work 
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work their guns, When this fervice is ef! nally performed, 
their fire is directed againft the other parts of (lic porepet to 
all fhelrer for the enemy, the whole is feconded 
a brifk fire of from the befiegers, thar the ar« 
ery-men being covered may fire with greater julinefs and, 
precifion. The fecond mortar-batteries will fre’ day and 

night according to the former direcijons (63, 64). 

70. The third batteries are conftruéted in the lodgments 
made in the outworks, and the fame precautions taken as 
during the conftruction and fervice of the fecond batteries to 
cover thie artillery-men from the tire of the place. ~t 

“When there are no outworks but raveélins, and eb 
feem determined to defend the breach in the baftion to the 
Jaft extremity, fome guns fhould be brought, into'the 
ment made in the gorge of the ravelin, to bear on the 
or a mortar-battery confiructed, to fire inceffantly into 
baftion, to prevent the on from throwing up J 
ments to protract the fee: Should the curtain be covered 
by a tenaille or other works, a battery muft be 
in the ravelin to fire againit it. ; 

When the baftions ate double, or conftruéted on a fyftem 
of demolition, and a lodgment is completed in the exterior 
baftion between the fummit of the breach and the fecond 


 ‘paftion ;. the -befieger muft ere a third battery to demoelith 
‘the interior work, when it can by this method be effected in 
_” Yefs time than by mining. 


Fic. III. Should the profiles of the counter-guards admit 
of it, the third batteries may be conftruéted at CC, F F, to 
open the breaches at K K, LL; and the collateral ones at- 
N, P to ruin the defences: im this cafe, it may perhaps be 
neceflary to ereét the fourth battery in the ravelin or baftion, 
But with narrow profiles, the parts CC, F F, muft be bat- 
tered from A, B, D, E, till they are fo completely beat’ 
down tit KK, LL, can be battered in breach from 
B, D, e F . 

The befieger having made himfelf mafter of a horn or 


‘crown-work thould erect the third batteries on the terre-plein, 


the interior flope, or the gorge, as may beft anfwer his pur- 
pofe; the mortar-batteries may be placed in the ditch before 

the front of the work. 
The greateft difficulty met with in completing the third 
and fourth batteries, particularly when conftructed on the 
counter- 
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counter-guards is in getting up the 32 prs. which from the 
narrownefs and fteepnefs is a very troublefome and tedious 
operation, fince they muft be dragged by men. 


C H A P. VII. 


Or tue ATTACK OF CoUNTERMINES. 


71. Hiruerto the befieger has been fuppofed 
to conftruct his batteries on the glacis and the other parts of 
the outworks, without any moleftation from the counter- 
mines of the befieged: but if the place be well counter- 
mined and under the direéticn of fkilful officers, the efta- 
blifhment of the batteries will be a very arduous undertaking ; 
fince in this fubterrancous war the advantage lies on the fide 
of the befieged. That the fecond and third batterics may be 
erected in proper fituations, and the fubfequent operations of 
the fiege not retarded by the {pringing of the countermines, 
one of the firft objetts of the befieger is to render them of 
no effet; either by filling them with water by means of a 
canal made for that purpofe; by rendering the air unfit for 
re(piration, by throwing into them various compofitions that 
emit an infupportable fiench and {moke of a fetid and poifon- 
ous nature; by making a few fougafles to cut off the com- 
munications between them and the body of the place; by over- 
fetting on the principle of compreffion, the galleries and bran- 
ches intended to blow up the batteries; or finally, by feizing 
poffeffion cf the countermines along the front of the attack and 
preventing the belicged from entering into them. But the 
befieger not having it always in his option to adopt the moft 
convenient method, even when provided with an exaét plan 
of the countermines; and being, when he has no plan, under 
the neceffity of feeling his way with extreme caution and at 
great hazard;" here follows a general idea of each mode of 
attack, that the befieger may judge which is beft fuited to the 
particular exigency. 

72. When the level of the countermines is lower than 
the ditch, fo that a ftream of water may be made to flow 
into them, this expedient will be the moft eafy and effectual. 
To this end, the pioneers are employed in digging a proper 
anal ; while the miners divided into fquads are fearching 
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for the principal galleries, either by finking thafts or maki 
flopesjin'the glacis; and the inftant they have difcovered 
ort make an opening to turn the water of the canal 
to it. : = . had 
anita picbacee pss cannot - undeed,. readieft 
Way is tO attac at the entrance, 
which is known to be in the faliant ihe re-entering angles 
of the cuvertd way, and deftroy them: the -befleged will 
be then. ented from penetrating into thofe under the 
ar @ this end,.the fappers muft effe& a lodgment 
een the faliant angles of the covered way and the 
of arms: when thefe lodgments are effected, the fquads of 
miners muft as expeditioufly as poffible fink thafis.a little 
- lower than the countermines, from 40 to 60 feet diftant. 
from each other, and carry on two branches parallel to the. 
_, Counterfcarp and a return at the extremity of. each to form.. 
“the chambers; which mutt be well loaded, that the adjaine - 
ing galleries and -branches may be entirely overfet by. the sx- 
plofion. If, in the courfe of this work, they meet. with a. 
gallery, they muft immediately break into it, and throw in. 
quantities of fetid compofitions to. make it impoffible for. the 
befieged to re-enter, that that they may finifh their mines 
without moleftation; they fhould be fprung as foon #8 
completed. 

When the befieged deftroy any of the fhafts by fpringing 
a ¢ountermine, others fhould be immediately funk at fuch a 
diftance from the former, as not to pafs through any of the 
earth fhaken by the explofion; fince the labour of the miners 
in working among loofe earth is endlefs, for the fides crum- 
ble down as fait as the excavation is made. 

Suppoiing thefe fhafts to be completed and the chambers 
charged, other fhatts may be funk in the lodgments on the 
creft of the glacis, particularly on the capitals of the works, 
for the purpufe of more eafily exploring the enemy’s galleries 
under the glacis and entering them, when the communica- 
tion between then and the body of-the place is cut off by 
fpringing the mines under the covered way; and when 
by means of the’e fhafts a gallery is difcovered, a party of 
armed miners thouid examine whether there be a poffibility 
of the befieged returning into it. If it be poffible, they 
fhould penetrate beyond the points correfponding to the 
attack, and throw in fome fetid combuftibles, taking care to 
retire tume enough to fave themfelves from fuffocation; and 
then 


IN TIME OF WAR. 279 


then deftroy the communication with tools, and afterwards 
with a chamber, which wiil effectuali; dezrive the Lefezed 
of all accefs. 

When there are two ftages of countermines, and the 
Miners in penctrating into the upper one, find the vert laters 
belonging to the iower fisze; they theacdd throw in fuch 
q:tantities of fetid combuftibles 2s wi.i render .: imgaflhve for 
the befieged to remain in them, taking the precaution to cise 
the vennilators, that they may rot be incommoded by the 
fmell and fmoke, which in these fubteraneous operations ae 
extremely pernicious. s 

74. It has hitherto been fuppofe that the zround arsund 
the place is nearly level : but when the fortrets is bailr on 2 
tongue of land, fo that the front of the accack be termi- 
nated on each fide by a deep ravine, the miners may then 
driv a fhaft below the countermines, and thefe cars of the 
outworks on which the biteries are w be evected, ard 
make fome chambers for blowing up the works, ow at leat 
deftroying the countermires : or, if the place be fcuated om 
an eminence, and the flope of the glacis fuch thar us miners 
can drive a fhaft below the countermines anc penetrate onder 
the points where the fecerd batrezies are to ne erected, ac- 
vantage fhould be taken of thefe crou7. ances. 

It thould in general be underi-xn, taat whenever any 
fubterraneous work of creat extent is carmicg on, a gacery 
muft be made to give a frre circulation -f ar; bur mn bowed 
operations, a branch which is fooner mace wil ankwer every 
purpofe. 

74. If the befieged make no attempt to dtray the inaks 
in the covered way {73}, it is a fan ether ca: fret are 
ignorant of their duty, or are ferzed with cis: ; wrere 
fore, if the miners mect with any of thew ga.ere) Seat -Z 
empoifoning them, thev fhould enter them act ai varee 
towards the docrs that bead into the ditch ; art fopvated 
by a fecond detachinent proceed into the larze gasery «x. cachs 
fide, till they have pafied beyond the fremr £ the sflace, 
and deftroyed the gailery in every part Lr which the treyes 
can re-enter the countermines: when chere are two 32244, 
they fhould endeavour to defcend .rto the bre we,.A 
approach the doors that lead immecately to the brxty Aor. 
place ; this gallery fhou'd If be eatreyed wat, rhe gsea'e:* 
expedition. Having thus taken pofietnas 4 the wewrr~ 
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i AR which the mine is intended to aé&. ~ 

47. The quantity of powder for charging mines, in- 
tended only to fhake the ground without making any ex- 
cavation, depends on the quality and tenacity of the foil, 
and on the line of leaft refiftance: but it being fometimes 
out of the power of the betieger to make proper experiments 
for afceriaining the tcnacity ; the following table will ferve 
as arule for the quantity to be ufed, in a foil of fuch tenaci 
ag toneed no frames to fupport it, in order to fhake the 
from the bottom of the chamber to the furface, without dif- 
placing it; fuppofing the powder to be of a ftrong quality and 
weit preferved. : 


Table 
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Table of the Quantity of Powder, for charging Mines. 
under different Lines of leaft Refiftance. 


Lines of leaft ‘Interior fide of | Quantity of Powder for 


Refiftance. the Chamber. — charging the Chamber. 
Feet. Feet, Inches. Cur. grs. lbs. 
10 —- r: 2 = Oo 3 «18% 
34 0-— 7 os 2 0. 1 
16} — 2 1 _ 3 3 0k 
20 —~ 24 = 2 10 
23; = 2 9 _ 10 2 13 
26; — 32 i 15 2 27 
305 —— iH 22 2 1k 
333 _ 3 11 _ 3o : 16 
305 —- 4 4 j= 410 0 
40 —- 4£ 9 = 53 1% 22 
435 = 5 FT = 67 3 178 
465 — § 6 — 84 2 27 
49% — SU “= 104 5° 9 


78. In the ufe of this table, it ought to be obferved that 
the object of the befieger being to deftroy the countermines 
effectually, his mines fhould be fully charged; wherefore the 
quantity marked in the table fhould be generally increafed by 
a half: thus, if the line of each refiftance be 23 feet, the 
quantity of powder for the charge according to the table is 
10% cwt., to which add 54 cwt. or the half; then 153 cwt. 
will be the charge required, to be contained in a cubical box 
of about 3 feet 2 inches on the interior fide. If the tenacity 
of the foil be greater, the charge muft be increafed to double 
the quantity in the table; thus the line of leaft refiftance 
being 26 feet, by doubling the quantity 154. cwt. marked in 
the table, 31 cwt. will be the charge required to be contained 
in a box 3 feet 11 inches on the interior fide. In loofe fandy 
foils, the fame rule mutt be obferved; as the elaftic fluid 
efcaping more eafily, a¢ts with lefs force. 

79. By whatever method the befieger fucceeds in ren- 
dering the countermines ufelefs, he fhould inftantly proceed . 
to the conftruction of the fecond batteries; and for greater 
fecurity, keep fome miners ftationed in the galleries that he 
has taken poffeffion of, to liften if the befieged make any 
efforts to re-enter, 


80. The 
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80. The countermines under the outworks or ditth, maf 
be attacked before the third batteries can be ere&ed. 

If the profile of the attacked work be narrow, as that of 2 
counter-guard, for example; two or three holes, diftant from 
each other about 50 or 60 feet, fhould be made near the foot of 
the revetement by the battering guns; floping even for that 
purpofe, if neceifary, the embrazures and the top of the 
counterfcarp : the wall being thus pierced and the defcent 
and paffage acrofs the ditch completed by the fappers, the 
miners fhould be introduced into each hole, to drive a fhaft 
into the terreplein, equal in length to the height of the wall; 
and having made branches to the right and left, they fhould 
make a chamber at the extremity of each, to deftroy the fur- 
rounding countermines. If they meet with a branch or 
gallery, they fhould endeavour to chafe the befieged from it 
by throwing in fetid combuftibles ; and in the mean time pre- 
pare and charge a chamber or two to deftroy thefe counter- 
mines and fhake down the cafemates: while one party of 
miners is thus employed, another fhould explore the commu- 
nications leading to the countermines under the glacis from 
the attacked outworks, in order to drive the betieged from 
thence by force'or other means. 

Thefe operations are carried on under cover of an inceffant 
fire of mufquetry from all the lodgements that bear upon 
the ditch, to check the befieged in any attempt to deftroy the 
epaulment, or difturb the miners. 

81. If the attacked work be very fpacious and the be- 
fieger under the necefiity of erecting batteries at the gorge ; 
after having deflroyed the countermines under the breach 
(8c), he muft effect a lodgment in the gorge by affault; 
and then by finking fhafis endeavour to cut off the commu- 
nications between the countermines and the body of the 
place: for this purpofe the direction given (73) for the attack 
of the countermincs under the glacis may be fuccefsfully 
applied. While this is going torward, he ihould endeavour 
by means of the (hatts funk upon the capital, or of the coun- 
termines he lias got poffeffion of, to penetrate into the gal- 
Jeries under the gorge of the work, and totally expel the 
befieged, afcertaining by thefe means the fecurity of his bat- 
kerics. 

82. From thefe premifes it may be inferred ; 

1. That to attack a place with two ftages of coun- 
termines, there muft be a large corps of miners and 
great 
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great confumption of powder; and even then the pro- 
grefs of the befieger will be flow, if the parrifon exert 
themfelves. 

2. That it is neceffary to have an exact plan of the 
countermines ; otherwife much time may be loft in ex= 
ploring them, or they may be fo badly difpofed as not 
to merit the trouble of counteracting their effects, 


CHAP. VIII. 


Or tur SuRRENDER OF THE PLAcr. 


83. Tu E artillery will continue firing after the cha- 
made is beat, till ordered to ceafe by the general of the 
trenches for the day, or till anfwered by the befiegers ; and 
every thing will be kept in readinefs for renewing it at a 
moment’s warning. 

While the terms of capitulation are fettling, no perfon is 
to be fuffered to reconnoitre the batteries and approaches, 
When the capitulation is figned, and one of the gates of the 
place taken poffeffion of by fome picquets of grenadiers, the 
commanding officer of artillery, by order of the commander 
in chief, will fend the fenior officer to receive the artillery ; 
and the fenior officer of miners, accompanied by one be- 
longing to the garrifon, to examine the countermines. In 
the mean time the batteries are provided with ftores, &c. 
till the place be entirely evacuated. 

84. A few hours before the garrifon marches out a de- 
tachment of artillery will be fent to receive the keys of the 
magazines, and take an account of all arms, ammunition and 
ftores; and all places where any articles may have been 
concealed or depofited: to be the more exact, the officer 
commanding this detachment fhould demand a copy of the 
inventory of ftores previous to the fiege, and an account of 
- the expenditure while it lafted. 

Every article that is liable to be ftolen fhould be locked up 
in the magazines, and a fufficient number of centinels and 
guards pofted for their protection. 

After the evacuation, an inventory of ftores muft be made 
out; the guns, &c. drawn back from the batteries to the 
park, and every thing prepared for marching: the pate 
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fhould be examined, and their condition reported. The 
commander in chief will dire& whether the town is to be put 
into a pofture of defence, or the works difmantled : in the 
former cafe, the commanding officer of artillery will go | 
round the place accompanied by the officer deftined to be left 
in the command of the artillery, and order the neceffary 
quantity of ftores to be completed from the park : if it is 
to be difmantled and the works demolifhed, he wi!] leave the 
proper quantity of powder, wood and tools, for undermining 
and blowing up the works, and caufe ail the artillery and 
the remainder of the ftores to be tranfported to the places 
afligned by the commander in chief. 


CHAP. IX, 


Or Irrecurar SreGes aND BLOCKADES. 


85. SIEGES are termed irregular, when any of the 

Tations requilite for befieging a place in form are dif- 
penfed with. From this definition, it is evident that there 
are different kinds of irregular fieges, which vary according 
to circumftances. If in the vicinity of a place there be any 
deep ditches, ravines, or rifing grounds, that may fave the 
befieger the trouble of breaking ground at a diftance, and 
carrying on regular approaches ; or whence he can directly 
batter in breach the magiftral line, and annoy the garrifon in 
their points of defence; or under cover of which a lodgment 
may be eifected on or very near the glacis, without being too 
much expofed : if the garrifon be weak, or compofed of ill- 
affected or undifciplined troops; the profiles of the works 
not according to the true principles ot fortification; or any 
weak point be difcovered after the covered way is taken: 
in any of thefe cafes, the befieger is juilitiable in precipitating 
matters, and omitting, fome of the fteps taken in regular 
fleges. 

86. Thus a fmaller proportion of artillery, or at leaft of 
flores, is requitite for irregular than for regular fieges: and 
when before the inveftiture, the beficger is in poffeffion of 
the neceifary data (5, 6,7) he may make out with the 
greatcit accuracy, a {tate of the flores, and concert meafures, 
to bring the expedition to a fuccefsful conclufion in the 

fhorteft 


fhoree#t frace cf time petite : whch 1: toot ererrions 
fhould ever be a teazing mum. . 

In ireculor f.ces that are cg choot Smivice, he borers 
for the fake of exnedicen are comntratet wit f 
When there is a fearcity of earth, a: oeten Lanpess ic oom- 
tainous countries, every peeneer ters a Sek Sot week 
earth, which are laid torether to firm 2 patzzet. Ie oon 
ftructinz batteries on a rock, woot-rocks ie peeeeane to 
facks of earth. 

87. In bensging towns ferronnied weit 2 fork wil, or 


o'd cafes, there is fe'dom a maceits foe beens orceod, 
and never fer makin: rerular 27 StS: 2 Seid facery 


being generally feffciert for ai az tract: x toed be 


behind intrerchments cr 
battery from the place at 2d be ghect acc rris; aa 
be conitruécted with cafis of gabices hci is ow rors, 
and filled with earth; cpeninss mele in 2 geden wil or 
other building, mav occafionalie fare for © embrarnss, and 
a plank may be laid under each whee? t+ war cf pitionm, 
unlefs the zround be frm encez’® without i. 

&8. With proper mfoermat:on concer, 
place previous to its inverters, the o: 
the quantity of ftores requifite for cach. sy be exfiy axer- 
tained; thus, the zarr.fen being di?72-ted by fevers} atcacks 
at once, may be the fooner compeice ¢2 faserder. The 
general rule is to allot four cr 4x 2+ cr 32 prs. to cach ze 
tack, and 100 or 2230 rouncs fu e2c% Foor =, S PrOpOrtson 
to the folidity of the works: tic qzuaccsy cf mirencimy 
tools is regulated by the trenchc: acd + be opened. 

89. A breach is stimes mts ven the arte ery 3 m- 
fufficient for the purgef2, by 
miners cre lodged in an oo? 
the garrifon, and a fhed ct plans : 7 
or raw hides, erated to fnziter them from the hent-2re- 
nades or combuftibies that the enemy av throw down from 
the wa']: they then proceed to maxe the mines in the tame 
manner as in the den-v'ition of paces. 

It there be an aqueduct or fubtevaneous cama tf. 
under the wail, the miners fhou'd locce themi..v 


and in the frit place, fora a bari:cadu to fecurs thon‘sives 
asain 
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againft the enterprizes of the enemy; and then in the fides 
of the canal excavate one or two chambers large enough to 
make a breach in the wall. In every cafe, the miner fhould 
be fecured againft the attacks of the garrifon, by potting {ome 
grenadiers at proper places, and if neceflary, by raifing an 
epaulment acrofs the ditch to the foot of the wall; which 
may be eafily effected under cover of a fire of mufquetry, 
by the means of wool-packs or mattraffes. 

o. When the gates of a town through the negligence og 
ignorance of the garrifon are infufficiently guarded, or badly 
conftruéted, they are fometimes forced open by petards; 
it is the bufinefs of the artillery-men to fix them: they are 
fupported by the detachment of infantry intended to ruth 
into the town the moment the gates are burft open. 

The party deftined for this fervice approach fecretly 
during the night, and fcrew an iron hook into the gate, 
on which they hang the petard with its bottom flat againft 
the gate, and propped behind by a ftrong iron fork: the 
fufe is then fet fire to, and as foon as the petard takes effea, 
the column of infantry rufhes in. As the opening made 
by the explofion of the petard may not be large enough to 
admit the men, fome carpenters fhould be in readinefs with 
their axes to cut away ary obftruction. 

gt. Blockades are fo termed when the befieger havinz 
invefted a place, and carried on regular approaches, fufpends 
his operations either through choice or neceflity ; contining 
himfelf to keeping up a fire from his artihery. This me- 
thod of attack is practifed in the following cafes : 

1. Whena town is unprovided with cafemates and 
magazines : whence the befieger may have reafon to 
hope that by keeping up a continual fire, the inhabitants 
may be fo harratled as to rife againft the garrifon; of 
at Jeaft, thata part of the ammunition and provifions 
may be detlroyed. 

2. Whena town full of inhabitants, ftrongly fortitied, 
and well provided with trcops, artillery, and ammu- 
nition, is deftitute of fufficient fupplies of provifions 
to fuftain a fiege : from which circumftance, the gover- 
nor may in a fhort time be induced to furrender, pro- 
vided that by the inveftiture his conduct is apparently 
juftified. 

3. When from moraffes, inundations, rocks, ravines, 
er precipices, it is found impracticable to carry on the 

approaches 
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* approaches in any manner likely to kring the fiege to 
a {peedy termination. 

4. When from bad roads, or other circumfiances, 
the artillery is infufficient to profecute the fiege with 
vigour. 

92. In the firit and fecond cafe, the engincers make 
trenches of communication trom different parts of the line of 
circumvallation, at the diitance of 7c¢ or 1009 yards trom the 
body of the placz, znd batteries mounted with heavy cannon are 
erected by the artillery-men : each battery is inciofed ina re- 
doubt of refpeGable profile, and fpacicus enough to contain a 
guard futficient to fecure it again{t any attempts of the garrifon. 
Gsuards are likewife poited in the Lolicws or ravines in the 
vicinity of the battery; and when the ground is level, 
detachments are ptaced in the intermediate parallels, be- 
tween the communications, to fuftain the redoubts, and 
give time to the troops at the camp to come to their affift- 
ance in cafe of a general fally: but if the batteries be 
covered by a river, canal, morafs, precipice, or defiie, a 
ftronz guard in each redoubt will be tufficien: for their fecurity. 

93- In the third cafe, (g1}, the b2fiezer muit exert him- 
felt to turn every acceflible point, whence the town can be 
annoyed either with fhot or fhelis, tothe greateft advantage, 
by planting on them a proper quantity or artillery of large 
calibre. 

The proportion of ordnance for this kind of fiege is 
greater than for regular fieges, particularily when the block- 
uded town is very large; unlefs in rezulur fiezes, a fire is 
directed from every fide on the mait populous quarters of 
the town, in order to excite coniternziion and terror among 
the inhabitants. 

o4. In the fourth cafe, the lines or trenches judged ne- 
ceflary on the occafica, ought to be contiruc:ed with a view 
to their being ufeful, when an adzcuate quantity of artinery 
arrives, to convert the blockade into a regular ficge; the 
-vivacity of which muft depend on the kn ...iedze the befeger 
has acquired concerning the ftrength . the garrifon, the 
ftate of the fortifications, and the nature of the adjacent 
country. ‘ 

An army fometimes fits down before a piace of great im- 
portance, in hopes of inducing the enemy to abandon an 
advantageous poft in order to re‘ic.e the place, and per- 
daps hazard a general engagement. The mo.t se 
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attack fhould be made in this cafe; which will induce the 
enemy to march with greater expedition to raife the fiege. 
g5- Whatever be the motive for undertaking this kind 
of the batteries ought to be amply furnithed with — 
cannon and mortars; they thould be fired at different eleva- 
tions from 8° to 12° that the thot and thells may be thrown 
er sapien pee and Seaeees probability 
ettin to any of the princi ifices or magazines, 
hot-thot fhould be inceffantly fot | 
From a review of every circumftance attending the com- 
mencement and progrefs of fieges, it will appear that from 


the nature of the fiege may, from the variety of incidents 
to which military operations are peculiarly liable, be free 
quently changed, : 


CHAP. X, 


Directions FOR DEMOLISHING THE ForTIFICATIONS 
_” oF a City, 
o¢. LT is generally deemed fufficient to demolifh the 
revetements of the works, and blow up the magazines, 
cafemates, &c.; the deftruction feldom extends to the terre- 
plein, from the great expence and labour it would coft. 

The chambers of mines for demolifhing a building, the 
wall of which is not more than 7 feet thick, are of a cubical 
form, with one of the fides correfponding to the fide of the 
wall ; but if the thicknefs of the wall exceed 7 feet, cham- 
hers are made in a bemi/pherical form, in the centre of the 
wall. 
97. The following are the general principles to be ob- 
ferved in the difpofition of mines : 

1. The chambers fhould be made at the foundation, 
that the upper part of the building may be raifed and 
fhaken to pieces ; 

2. And, if poffible, fome feet below the furface of 
the ground on which the wall ftands; as from the 
great refiftance the explofion is more violent, and the 
effect greater: mines placed near the furface of the 

ground 
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ground fometimes act but upon one fide, and caufe 

a breach in the wall infufficient to deftroy the building. 

3. If the folidity and ftrength of a building depend 
on its cousiterfotts, chambers fhould be made in them, 
though they be above the furface of the ground. 

4. the largelt chambers {hould be placed under the 
flrongeft parts, where the mafonry has moft folidity and 
coheticn ; as at the point of interfection of crofs vaults, 
and large buttreiles or pilatters fupporting roofs and 
arches. 

5. In walls that are without any break, the cham- 
bers fhould be 12 or 15 times, the fide of the cube or 
the diameter of the hemifphere, according to its figure, 
diftant from each other. 

98. The fize of the chamber depends on the quality of 
- the powder, the thicknefs of the wall, and the cohetion of 
the materials of witich it is built; which differs in different 
climates according to the quality of the jime, and the time 
it has ftood. The cohefion of .walls raifed above the earth, 
and cemented by the beit lime and fand of Piedmont and 
Lombardy, is generally eftimated at 16400lbs. for every 20 
{quare inches ; while that of fubterranean walls cemented 
with materials of certain qualities, as tne lime of Superga or 
Cajal in Montferr at, and the fand of Yrcdia, is more than 
double. The cohcfion of walls conttructed on the coaft of 
Provence and Genoa, exceeds 410oclbs. and that of buildings 
adjoining to the fea, and cemented with Pozzslana, is fre- 
quently triple. 

‘The officer of miners, therefore, charged with the demo- 
lition of any place, fhould previoutly afeertain by experiment, 
the tenacity of the wall. The fide of the cubical chambers 
fhould be a third part of the thicknefs of the wall, fuppofing 
its tenacity to be 16400 lbs. and the powder very itrong. 
‘The fame rule will ferve for the diameter of the hemifphe- 
rical chamber ; its depth fhould be about } of its diame- 
ter; its contents will then be about half as much as the cubi- 
cal chamber. By the table (77), the quantity. of powder 
for a cubical chamber of a given fide mzy be ealily deter- 
mined. 

g9- To give an idea of the difpofition of mines, the 
figure repretents the plan of an infulated building, the roof 
of which is bomb-proof; (Fiz. 4, Pl. 4) the principal 
chambers are made under the points A, H, I, K, L, M, N, 

T O, P, where 
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O, P, where the walls interfe&t, and under the pilafters g 
which fupport the fronts A B, C D, and on which the roo 

refts (97, No. 4). The chambers in the wall F F which 
is without any break, are diftant from each other, and from: 
the principal mines, 12 or 15 times the lenght of the fidé 
or diameter (97, No. 5); and if in the faces A,B, CD, 
the chambers A,H,I, be too far diftant to have proper 
effect, two intermediate ones S,S may be made. The wall. 
GG in which are the chimnies and doors of communi- 
cation, need not be undermined ; but the fize of the princi- 
pal chambers K, L, M, fhould be increafed by about 3. The 


- Mines thus difpofed may be divided into two claffes ; viz. 


thofe made in fingle walls, as QR, S, and thofe made in 
crofs walls, as A H, &c. 


100. In this profile P P reprefents the plane of the ground 
' fitrrounding a building : (PI. 4, Fig. 5) the walls are fingle, - 


and the chambers are to be of a cubical form: to make 
the excavation in the foundation D 4 E, below the 
PP (97, No. 1, 2), let along trench be dug 1 § of the 
thicknefs of the’ wall DE in depth as DB, and 3} feet 
in width as CD. Let the chamber G of a cubical form, 
be made { of BD diftant from the bottom BF, and a 
wooden box of proper dimenfions for containing the quan- 
tity of powder afcertained by preceding experiments (98) 
placed in it; and if there be any reafon to apprehend that 
the powder may be damaged by the moifture of the wall, 
let the box be lined with oil-cloth. At the mouth of the 
chamber make a ledge H, 3 inches broad, and of a depth 
proportioned to the fize of the planks that are to clofe the 
opening. Any projections or cavities in the wall where 
the trench is dug, fhould be fmoothed or filled up with 
well worked plaifter. The planks for blocking up the 
chamber thould be 2 inches, and the beams 5 or 6 inches 
thick, and a quantity of clay and rotten dung, (which is 
excellent for preventing the efcape of the inflamed fluid) 
prepared. The box being filled with powder, and a fau- 
ciffon laid in a pitched wooden trough, communicating 
with it, the opening is exactly clofed; planks called mant- 
lets as CF K L,B DIM, are placed vertically along 
the faces of the trench, and the beams N are driven in 
horizontally at right angles to the mantlets, and all the 
interftices filled with clay and dung well rammed. 

x0f. To 
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ror. To make mines of a cubical form ina crofs wall 
AB; let C,D,E, F reprefent a fquare pit hollowed in the 
adjoining ground; (PI. 4, Fig. 6) the fide of which is 4} 
feet, and the depth 1 } of the thicknefs of the ftrongeft wall. 
At about + from the bottom, hollow out in the wall 
Babranch FNGH 32 feet high, 2 2 feet wide, and } of 
the thicknefs of the wall B in length; then in K B the cen- 
tre line of the wall B make the chamber K of a proper fize : 
let a box be fitted to it, and at the mouth of it makea ledge 
FH. Let the box be filled with powder, the fauciffon ap 
plied, and the opening | clofed and blocked up with beams 
laid horizontally to LG: let the opening F N be clofed in 
the fame manner as; and difpofing the mantlets around 
the fides of the pit, drive in horizontal layers of beams croff- 
ing each other alternately at right angles, till they reach the 
furface of the ground, always filling the interftices with dung 
and clay, and taking care to bring out the fauciffon. It . 
fhould be remarked here, that though in this cafe, where it 
is intended to blow up a greater extent of wall, the fame 
charge is ufed as in the preceding paragraph; yet greater 
refiftance being oppofed to the explofion of the powder, the 
effe&ts will be proportionably greater. 

102. If the wall be more than 7 feet thick, (Pl. 4, 
Fig. 7) the chambers fhould be hollowed in a hemilpherical 
form, in the following manner: A A is the profile of a fingle 
wall; dig a fquare pit B D C F the fide of which is 4 3 feet; 
then make the branch BL G E 3} feet high, and of fuch 
a length and breadth, that the chamber K hollowed out in 
the centre of the wall, may contain half the quantity of pow~ 
der that a cubical chamber, the fide of which is equal to 
the diameter of the hemifphere would contain : at the mouth 
of the chamber make the ledge H H, and fimooth the roof 
and bottom of the branch with well worked plaifter. Hav- 
ing charged the mine, applied the fauciffon, clofed the open~ 
ing H, and laid two layers of mantlets horizontally, the one 
BQLO on the bottom, and the other GEN M _ on the 
roof of the branch, drive between them ftrong beams R ; then 
clofe the entrance BE, and placing other mantlets againft 
the wall and the oppofite fide C F, lay rows of beams hori- 
zontally between them, filling all interftices with clay and 
dung, and carefuliy bringing gut the fauciffon. 

103. The figure reprefents the plan of two walls which 
interfe& cach other, and exceed 7 feet in thicknefs: (Pl. 4 

T 2 Fig, 


o 


292 SERVICE OF ARTILLERY 


Fig. 8) to determine the exaét pofition of the chatnber, 
draw the right line B B dividing into two equal parts the 
wall B, and another right line A A parallel to CC, and 
diftant from it % of the thickeft wall A; then the point 
of interfection K will be the centre of the chamber, which 
fhould be } larger than that made under a fingle wall. 
Make a fquare pt CDE F, the fide of which is 42 feet; 
and in the wal] A make the branch GH LM L, with an 
elbow or angle, and of fuch a length that the chamher 
may be hollowed in K : let it be loaded and blocked up as 
before (102); at MN clofe the opening with a frame, and 
Jay horizontal layers of beams unto the opening D G, which 
fhould be well clofed, and placing mantlets againft the fides 
CD, EF, drive in horizontal layers of beams till the pit 
is filled, ramming dung and clay in al! the interftices. 

104. To undermine revetements ; make pits in the ditch 
clofe to the revetement 6 or 7 feet deep: then piercing the 
wall, carry on in the terreplein two branches, the one to the 
right and the other to the left, at the extremities of each, 
and at the points where the revetement is fupported by the 
counterforts, hollow the chambers (tor), either cubical 
or hemifpherical (103) according to the thicknefs of the 
wall, fo that the two chambers on each fide of the opening 
may correfpond. In the proper difpofition of counterforts 
to fupport revetements, the ftrongeft points are at the flanked 
angles; viz. thofe of the fhoulcer and flank; the principal 
chambers fhould therefore be made in thefe angles, the 
others may be diftributed along the walls that form the an- 
gles. Jf the revetement be built on a rock, and of no great 
thicknefs, the number of chambers fhould be increased and 
brought nearer together, that the whole revetement may be 
thrown down at once. 

As the manner of chargin > mines in revetements is the fame 
as that before defcribed, we will difnifs this fubject for the 
prefent, only remarkirg thet in blowing up fone or brick 
bridges, the chamber fhould be made in the foundation of 
the piers, or in the thoulders of the arches. It frequently 
happening on fervice, that a tower or other flicht building 
is to be inflantly demolifhed : it may be effected by placing 
in the ground flory fome cpen barrels of powder clofe to 
each other, blocking up the doors and windows with rong 
plinks, and covering the floor above with a thick lsyer of 
euith ; then fettme fire to the fauciffon that comnsciceates 
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with the powder, the great refiftance oppofed by the earth 
upon the upper floor, prevents the powder from acting up- 
wards, and directs its force againft the walls of the tower, 
which being of no great folidity, eafily yield and fall down. 


SECOND PART. 


OF THE Service or ARTILLERY IN THE DEFENCE 
oF PLACcEs. 


105. Ta E {cience of defence conftitutes one of the 
mott effential branches of the military art, fince a few troops 
are thereby frequently enabled to make head againft a very 
fuperior army, to she prefervation of a whole country: and 
as in the profecution of this fyftem, the inferior army is 
often compelled to fuftain a fiege, the defence of places forms 
one of the moit importai parts of this fcience. Now the 
detentive fyftem may either be the refult of a premeditated 
plan; or a nation may be unexpectedly forced into it by 
the fudden invafion of a foreign enemy, or by a train of un- 
fortunate events, that oblige an army which began the war 
with the faire(t hopes of conqueft, to change its fyftem and 
a%t on the defenfive. 

106. When a defenfive war is forefeen, fome of the fe- 
nior officers of artiilery are fent to infpect the quality and 
number of arms and ftores of all forts in the different gar- 
rifons ; examine the condition of the magazines, works, 
and countermines; and take notes of every thing that may 
be wanting in cafe of a fiege. 

After the infpection, each officer makes a report in wri- 
ting of the number and nature cf artillery and carriages, 
with his propofed arrangement of them; and alfa of the 
proportion of tools, machines, arms, and ammunition, 
which in his opinion may be adequate in proportion to the 
firength of the garrifon, for making a vigorous defence ; 
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of the difpofition and condition of every article under his 
charge, and immediately examine thofe that are of the moft 
importance: and in his report to the governor, fhould par- 
ticularize what may be wanted in addition to the quanti 
at prefent in ftore, or to replace any that may be damaged. 
But if from the approach of the enemy, there be little pro= 
bability of having fufficient time to draw the fupplies from 
the arfenals or neighbouring garrifons, every thing in pof- 
feffion of the inhabitants that may be ufeful during the fiege, 
fhould be taken after a juft valuation, and proper receipts 
given by the ftore keeper to each proprietor. In forts where 
no fuch refources can be had, parties fhould be fent into 
the neighbouring towns and villages to feize and condu& 
to the garrifon every thing they can find that may be of 
fervice during the fiege. It is the maxim of every good 
government, to complete the ftores of all frontier towns on 
the Icait apprehenfion of a war. 


CHAP. 
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CHAP. I. 


OF tre Dispositions FOR THE REGULAR DEFENCE 
OF A PLACE PREViOUS To 173 INVESTITURE. 


1c8. Tu E fir difpofition that an officer of artillery 
fhould make for the rezular defence of a place, is to form 
a ftate of tie number and nature of guns, cartiages, and 
ftores. To do this with ju:incis and precifion, he thould 
recur to the rues laid down in the former part of this trea- 
tife, and be not only acquainted with the fervice of artillery 
in all iss branches, but capable aifo cf judging in the fulleft 
extent of ail cperations, in which the cther troops of the 
garrifon can bear a part; fo that every thing may be ade- 
quate to its particuiar purpc::, without deficizncy on the one 
hand, or fuperfiuity on the other. hus two extremes 
equally preiudicia! will he aveided; the cuz of making a 
provifion of itores iniuiz.c:ent for the derence the place is ca- 
pable of ; the other of providing fuch quantities, that on 
the furrender of the piace, a complete arienal may fall into 
the enemy’s hands. 

1cg. The fandamert2! maxim in the defence of places, 
15 to retard as much as pcih-ie the progrefs of the befieger, 
and im preportisn a, te advances to multiply his dangers and 
difficulties. 

To this end, the artiliery-officer fhouid examine on the 
fpot, the naiurai chitacles that the beficger may have to 
furmount in the attack of the works, and countermines ; 
and after matureiy weighing the weak and ftrong points, 
fhould confider how far the advantages of cach front may 
be improved, and tie defects remedied. Any ftrong pofi- 
tion in the vicinity of tie piace, fhouid, if poffible, be ren- 
dered ulelefs to the befieger; and every vulnerable part 
ftrengthened by additional works. If the firft pofition that 
the enemy muft from the nature of the ground take up, be 
very confined, the proportion of artillery and ftores may be 
made out with the greateft accuracy, and there will be good 
reafon to reckon ona fuccefsful defence ; as the enemy will 
of courfe be extremely circumfcribed in all his operations, 
But when he is free to choofe his pofition, the arullery 
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officer fhould be informed whether: the artillety the 


can bring up be only adequate to a regular fiege, or fufficiv 

ently numerous to enable him in a few days to beat dowg,” 
all the defences on the front of the attack, and keep up - 
fuch a cotitinudl fire as to prevent the garrifon-from repairing 


the damages. 

: x10." The prefent treatife fuppofes a fortrefs befieged in 
form ; whether from the pofition that the befieger is obliged 
to take up, or from the infufficiency of his artillery to take 
advantage of one more extended. Thofe violents attacks. 
where the defences are in a few days deftroyed by thé 
firft batteries, and the garrifon prevented ftom repairing 
them, feldom occur but in fmall places: fuch examples are 
‘., ery rare in places of firength and importance; particularly 

. when the enemy is obliged to bring his aftillery by land, 
from the prodigious number of carriages and horfes required 
. for the tranfport. But if from circumitances there be reafon 
to apprehend a fiege of ‘this nature, the fiate of the maga- 
wines and barracks fhould be examined, and any that are 
. texpofed to be cannonaded covered with fubftantial epaul+ 
ments. “When the profiles of the works are fo advantageous 
‘that the befieg:r muft effe€&t a lodgement on the glacis be= 
fore he can make a practicable breach ; the moft effeual 
mode of retarding lis progrels is by countermining with the 
urmolt diligence. But when the barracks and magazines 
are fecured ; a breach in the body of the place impracticable 
from its being cut out of a rock ; or, when made, is rendered 
inaccellible by fome natural or factitious obftacie ; every at- 
tempt on the part of the enemy will be futile, provided the 
garrifon conduct themfelves properly in this cafe, where 
perleverance and firmnefs, rather than couraye and exertion 
ave requifire. 
rrt. The frit Rep towards forming the eftimate of ftores 
for fuftaining a regular fiege in a fortitied town, is to con- 

{ider what front is moft attackable, and what are the beft 
mieafures to be adopted for its defence. Bur as the betieger 
may through incapacity er isnorance commence his attack 
on the flrongelt fide, the proportion of ftores fhould be large 
enough to tike advantage of this error; and to avoid ex- 
tremes (108), the defence of the two fronts fhould be car~ 
ried to the fame point, either by raifing new works, counter- 
mining, or difpofing to greater advantage and ftrengthening 
the oid works. But if the fhortnefs of time doth not admit 
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of this, two eftimates fhould be made out; one for the 
defence of the ftrongeft tront; the other, of the weakeft; 
that the Sovereign may determine which of the two he thinks 
proper to adopt. 

" 412. 32 and 16 prs. are mounted in the body of the 
place ; 12 and 8 prs. in the outworks that are large enough 
to contain them: when the adjacent country is favourable 
for making lailies, or conftrucring lines of counter-approach, 
fome hight 4 poundcrs are included in the inventory. It was 
the cuftom in the iat century to place fume pieces of large 
calibre, refembling tlone-guns or long howitzers, on the 
flanks, from wich, when the affault was given, they fired 
cafe or grape-fhot on the affailants: but thefe pieces are 
now dituled, fince tne bcfieger covers himfelf with epaul- 
ments in the ditch cnd at the breach: inftead of them, we 
fire round {hot from heavy guns, to deitroy, or at leaft retard 
the conitruction of, the epaulments. 

113. In fortified towns confiructed on mountains or emi~ 
nences, the embrazures are generally made of brick or ftone, 
and the curtain furnithed with guns, when it bears on any 
pofition favourable to the befiezer ; the number of guns muft 
in this cafe be regulated by the number of embrzzures. But 
when the parapet is formed of earth, the following is the 
diftribution of guns on each front: 10 or 13 toifes are 
left on the faces of the baitions, and 6 from the angle of the 
Mhoulder to the flanked angle for the barbette batteries; the 
remainder is divided fo, tinat there be never lefs than 20 feet 
between every two embrazures, to give room for the infan- 
try, whole fire, when the enemy comes within mulfquet thot, 
is the moft effectual method of retarding his progrefs ; and 
with lefs diftance between the embrazures, the ncrlons would 
be foon deitroyed by the enemy’s artillery: the fame rule 
fhould be obferved in upening embrazures in the outworks. 

A few guns fhould be added to the above diftribution, for 
the barbette batterics on the other fronts, and for the flanks 
correfponding to the attack. 

114. To deterinine the number of guns for the four faces 
of the ravelins correfponding to the attack, 10 or 13 toifes 
are allowed for the barbette batteries in the collateral rave- 
Jins, and the remainder divided into equal parts with inter- 
vais of 20 feet for the embrazures ; but in the ravelin on 
the front of the attack, a greater {pace is left from @he faliant 
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tore ‘cal’ i to PebeE mortars can x spplied in 
fence of places, is to project ones and ‘royal fhells upon ti 


‘approaches and lodgments of the befieger. ‘There is Ps 


much uncertainty in the range of thells fired from large 
mortars againft the firt batteries of the befieger, notwith- 
ftanding all poffible attention in the bombardiers, that they 
are only employed at great diftances to project thells filled 
with combuftibles, for difcovering the progrefs of the be- 
fieger during the night, when the diftance is too great for 
light balls; but when the ,befieger approaches within the 
reach of light balls from the fione-mortars, the large mor- 
tars are then referved for enfilading the batteries and lodge- 
ments on the creft of the giacis, and deftroying the fhafts 
and flopes which the befiezer has funk on the glacis and co- 
vered way for the attack ‘of the countermines. Hence, an 
officer aware of the manner in which the befieger can dire 
his attacks will neceffarily conceive that two mortars of each 
nature fhould be employed againft each approach, and againft 
each of the batteries in breach expofed to he enfiladed. ‘ 
117. The 
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117. The fire of the infantry is, as has been already ob- 
ferved, one of the moft effectual methods of retarding the 
progrefs of the befieger. But in keeping up a continual fire 
during the night, the mufquets being thin foon become un- 
ferviceable; wall-pieces being better reinforced are more fer~ 
viceable and lefs apt to burft. The greater part of thefe 
arms are mounted with locks, of which the cocks are of a 
ferpentine form according to the cuftom of the laft century; but 
the troops being unaccuftomed to make ufe of them, it would 
be much better if they were furnifhed with common locks, 
with the ufe of which the infantry are perfectly acquainted. 
The proportion of wall-pieces fhould exceed by a half, the 
number of infantry deftined for the daily defence of the 
covered way, fora ficze of 3> days; for one of longer du- 
ration, the number fhould be increafed. 

There fhou'd alfo be a referve of mufquets with bayonets, 
to fupply the place of any that may be damaged : for a fiege 
of 30 or 4odays, the number in referve fhould exceed by 
a third the number of infantry in garrifon. Some large wall- 
pieces are alfo provided for firing at a diftance againft recon- 
noitering parties of the beticger. 

118. There is no abfolute rule laid down by military au- 
thors, for determining the number of men for the defence of 
a place befieged in form. “The moft general and unexcep- 
tionable one is, to reckon 3 men for every 10 feet in the co- 
vered way, on the front of the attack, including the two 
collateral places of arms ; when the town is fortified in the 
common method with no outworks but raveiins. If the 
kody of the place be conftruéted on a fyftem of deme- 
lition ; the fire from the flanks command the points where 
the enemy muft erect his counter-batteries; or there be 
counter-guards before the baftions, the reft of the works 
being in the common method; «hen 4 men are allowed for 
every 10 feet. With counter-guards before the ravelins ; 
or when with ravelins only, there is one ftage of coun- 
termines, the number is eftimated at 5: with two ftages of 
countermines ; or the body of the place conftruéted upon a 
fyftem of demolition and covered by other outworks befides 
ravelins, at 6. 

If to the number of men refulting from this eflimate, be 
added the neceflary guards for the parts not on the front of 
the attack, the gaies, ditches, magazines, &c. and the whole 

be 
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be tripled ; the refult will give the proper ftrength of the 
garrifon for a regular fiege. 

In mountainous fituations, where there is no covered-way, 
two men are allowed for every 10 feet along the magiftral 
line of the front attacked, including the outworks ; to this 
add the neceffary guards, and the fum tripled will give the 
number of the garrifon. 

11g- For example; fuppofe a regular pentagon, of which 
the line of defence is 134 toifes ; this gives 56 toifes or the 
faces of the baftion, and 25 toifes for the flanks ; let the 
profiles of the ravelins, which are fuppofed to be the otly 
outworks, admit cannon, The following will be the difpo- 
fition of artillery. 


No. of Guns. 


Braft. Iron. 
On the two faces of the baftion on the front 
attacked pias aniear nmiiake ee 
Qn the two faces of the collaterul ravelins ........ 12 
On the two faces of the ravelin between the 
bations: . «ecesbeveieceitssedeeeocctckes dig waciendecs f 2 a, 
On the barbette batie:ies and flanks —......... ica ae 18 


Total 44 18 


Vhis number, defigned for the frit part of the direct de- 
fence, will be more than adequate tur the fecond part; two 
or three light 4 prs. may be added for fallies or counter- 
approaches, when this mode of defence is practicable, 

If the place be hexagonal with a line of defence of 134 
toifes, and the flanks a little longer, two pieces of brafs and 
two of iron fhould he added to the above proportion, 

duppoling the befieger can carry on his approaches upon 
the capitals of th: baftions and ravclin, and crect batteries 
in breach on the creft of the glacis; the number of mortars 
will be at leait 

6  Stone-mortars 
6 Royal ditto 

4 190 inch ditto 
4 13 inch ditto 


conftantl. on gam. a 2 oeP nie im iim oie ee toiine 
fiant fire; there Dic we cite. eee le aut iii iiss 
in referve,; wT = eo = 
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121. The nomen of evince: 
quantity cf *he Reha BT oe 
Tf the potision that 
that the befiezed con 
Pieces in referve fur Ao nz 
the daily expend.ure mas LA t: 
gun (2c;, inthe ert pa cf nes 
the nature of the ies tt 228 
by a third to that of : 
fufficient ; for the gar 
flacken the fire, and ¢ ; 
With regard to the, iscond port of tue dre te Fence, the 
daily expenditure may be ef meted et 20 on 40 rounds each, 
for thofe guns whiz* ato ntu Nocomenand of the ia 
ments on the creft cf the giacis, can plunges inte the bat. 
teries in breach erected cp Lotte to them; and duuble this 
number of rounds for the guns that flank the evaulment 
raifed by the befiezer in iu: ditch: the expenditure depends 
greatly on the fire that the enemy’s mufyaetry can keep up 
up againtt the embrazures of the place, 
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The mortars always being placed under cover of the ram- 
parts cannot be affected by direét firing: the interruption 
from curvelinear prcjeclions may be reckoned at about 3 of 
the whole number of difcharges that could be made from 
them in 24 hours; as this is generally computed at 60 
from each mortar, it is thus reduced to 50. They may 
begin to fire with effect when the enemy is advanced within 
134 toiles of the covered way. From memorandums of 
the quantity of ammunition daily expended by the infantry, 
in fome of the mott confiderable fieges, it appears that each 
foldier on duty on the front of the attack, fires from 35 to 
40 rounds a day: now fuppofing the fame number of men 
always to mount guard, from the day that the trenches are 
opened till the place furrenders ; the full expenditure may 
be computed at 50 rounds a day for each man on duty, in- 
cluding the allowance for forties. “The barbette guns, and 
wall-pieces fhould be provided with 200 or 250 rounds at 
moft. 

122. In calculating the duration of a fiege, the natural 
advantages of the piace for retarding the progrefs of the 
befieger, and the obitacles he muft furmount before he can 
lodge himtelf in the different works, muft be confidered. 

Suppofe the place be fuch as reprefented in paragraph 119; 
that a practicable breach is effected in the baftion ; and that 
the garrifon is not in a condition to futain a general affault ; 
the duration of the fieze ir the befieger has been ative and 
enterprizing wil have vecn about 4o days, VIZ. 


Duyts 
From the ope:ing of the trenches till the lodgment } s 
is compleared on the creit of the glacis”...... 
For conftructing and completing the batteries in ‘} 
breach ms ses 
For making a beach n, and aetiing pofltfion of he 
ravelin ama 
For making a lodgmeit in nthe breach | in the baftion 4 
Total 30 


When there are more outworks; or the baftions are con- 
ftruted on a fytem of demolition, fo that the betieger is 
obliged to bring up guns through the breach to batter the 
interior works, the defence may be prolonged for ro or 12 

days; 
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days ; andeven for 25, if there be {mall mines in the ditch, to 
blow away the earth and ftones, beat down in making the 
breach in the baftion. 

With counter-guards before the baftion, the furrender of the 
place may be retarded 12 or 15 days: with onc ftage of coun- 
termines properly difpofed under the glacis, the defence may 
be prolonged 22 or 25 days; and with two ftages of counter- 
mines, 49 or 50 days: thus with counter-guards before the 
baftions, and imines under the glacis, ditch and baftions, fup- 
pofing the Jatter to be conftruéted on a good fyftem of demo- 
lition, the defence of 30 days may be prolonged to 80 or go, 
provided the proportion of ftores be fufticient. 

123. The number of rounds from each {pecies of fire-arms 
having been thus regulated, it will be eafy to apportion the 
quantity of fhot, fhells, grenades, lead and powder; allow- 
ing for each charge the quantity mentioned in paragraph 22 : 
the allotment of powder for the countermines is to be com- 
puted from a general confideration of their number and 
extent. 

To this proportion fhould be added 100 rounds of cafe- 
fhot for every flanking gun; and a competent number of 
hand grenades, and large fhells, for rolling from the top of 
the breach upon the befieger, when he has pufhed forward 
his epaulment to the foot of it; this number may be eftimated 
at 1coo grenades, and 100 fhells a day for each breach. 

124. For a fiege of one month, the number of fpare car- 
riages and fide-arms amount to half the number of guns ; 
for a ficge of fix weeks, this proportion fhould be doubled ; 
befide {pare whcels and axle-trees. “Che mortar beds, &c. 
are in the fume ratio. In cafe of affault, a number of pointed 
and cutting inftruments, as efpontoons and fcythes, fhould 
be provided: and fome petards, blunderbuffes and piftols 
for the fervice of the countermines. 

The neceffary articles for a complete laboratory, and 
for making up every f{pecies of combuftibles form a very effen- 
tial part of the ordnance ftores; the quantity of the latter 
fhould be fufficient to light during the night the whole front 
of the attack, and to fet on fire every part of the befiegers 
works that can be burnt. The carpenter’s, blackfmith’s, and 
armourer’s tools for repairing the damaged arms are likewife 
included in the proportion of {tores. 

In the diftribution, a particular remark fhould be made of 
the ftore houfes, in which the articles that are generally locked 

up 
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tp are to be depetited; diftinguithing’ thofe that may be 
‘wanted for common.ufe,. from. thofe that can, -be only-want- 
ed in cafe of a fiege: likewife the laboratory, -ca 
dlackfmith’s, and armourer’s fhops. . In very large’ towns 
:ghey are generally: fixed in fome buildings at a diftance from 
> phe attack; bur in ciadels, forts, caftles, 
which are expofed,on-every fide, they muft indifpenfably be 
“Yeeured in bumb-proofs. The powder magazines are the 
‘moft imspostaat gad‘ haza‘dous of all; they fhould be di 
and fecure. During the fiege the powder ought to be di 
tributed in feveral bomb-proof magazities at a ciftance from 
each other; that in café of accidel(, the whole may not be 
biowrftip at once; ‘and that the enemy may not be able to 
find out the quantity in ftore. The nature allo of the places 
in which dw difidtentanicheated:polired (hould be attended 
to: fince the powder, faltpetre, fulphur, cordage, irom, So, 
ought: tobe defi Mary packs: whereas the greale, oil, 
pitch, candies and other articles fubjettto melt or evapo- 
rate, thould be kept in very coo! places. [It being te duty 
of the engineers during the fiege, to keep all the parts Of te 
works in a proper ftate of defence, they are 10 make returns 
of the quantity: of fpare fafcines, gabions, pickets and pale 
lifadoes, that ‘may be neceflary for that purpole: There is 
no danger of providing too great a number of thefe articles; 
for any that are not uted in the repair of the works, may be 
collected together in the breach, and fet on fire; which will 
ferve to prolong the defence of the place. = 
125. The following is a particular ftate of the quantity 
and quality of the different fpecies of ordnance ftores requifite 
for fuftaining a fiege of 30 days in a fortrefs NN, (119). 


me 


Proportion of Guns, Carriages, Ammunition and Stores, 
Ordnance, Carriages, and Side-arms. 


Nature. No, 


(3a. . 12 
Brahe PUG sotcicsnceqs dice eideonionales amie 1G 18 
L 8 12 
Tronditto.,  casaciicenducnwasccae Ga sive veniaentee 8 18 
Tot ATEIAOEE RD. cnrenrsrninocesecesesnssione sbintcy planeta 4 4 


Total of guns ke 
Carriages 


and fmal) places - 
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Carriages of different natures forthe above gunS wu. 96 
Setts of fide-arms for dittO wiesse sessesessnseseersneessereee OG 
Mortars: scscsiccerseavencesseses Stone _ 6 
13 Inch 4 
10 In¢h _ + 
Royal _ 6 


Total of mortars 20 


Beds for the above mortars — ...csssersesesnrsecsesecneceessereee 4.0 
Setts of fide-arms for ditto -.seseos dade zussesabes sate seseansi va - 40 


Spare Arms for Carriages and Side-arms. 


Wheels with iron ftreaks for carriages of different calibres 36 


Tron axle-trees for ditto -sesepssesesseessesscessensneonsceneroensoes 30 
Cheeks for carriages sssrssscssessssessnscapscsorssessversessensteess | 24 
Pokies [OL WHEELS sn scsinsssccisssaaccnesitesisssconeaisregvatanveianes 209 


Staves for fpunges — ...ccscsessssnsesseesssssenenseenensverseesesuees LOO 
Rammers for ditto ..cccsssssssscssnssssetsesssessensecsesessserevescers 200 


Sheepfkins for ditto esveduasevucidesatBeidss ident ziesvas? OO 
Wead=hooks: xocicisiececsescsseccacaei cd eats sah sesedacevate tos sentovanuacs 12 
Plates of copper for ladles .....sssssssteeseeseecessnsrenstentanerons 60 
Copper nails for ditto .........-sessssesnsepeenetenees 20 
Tron nails for fide-arms — ...sssessccnsssssssseesovees ns 40 
Tron Wire wu... oiians vedstelcncaseuensvucsocee saspeditieke 20 


Shot, Shells, and Grenades, 
Shot fOr Guns  sreoece sessososcessscseravessevosspsessepensesnspersens 3 32OOQ 
viz. 32 prs. At goo rounds agun....... 10800 
—— 16 — At G00 rounds  «..cercerssoecser vere 10800 
— 8 — At 600 rounds for each brafs 

gua and 200 ditto for cach } 10800 

HON CittO eres ssersenerees aves seve 
_ m— At 200 TOUNdS — cecceescassercneees 800 
Cafe-fhot for 32 and 16 prs. ssssssesssessssssssssnenes nes 2000 
Ditto for 4 prs. MEPTTTTTTITTOTTT rr 409 
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Shells, 


13 Inch thells at goo for cach MOrtat ssswessessersaee 
Htto to roll from the breach iss cccesesnsswessscreeesncuee 
¥0 Inch ditto at g6o for each MOrtAL —eve-cescseverseoe 
Royal ditto at 1200 foreach mortar. ssessesmeecsseves 
pone greraiies baa ete te SIG 
tones for the cemortars at- 1200 
rounds each } pact loads 
13 Inch fules” ..... 
10 Inch ditto ..... 
Royal ditto © ..ess-ses Kien 
Hand grenade ditto 1 FU ARREN ED SHEP ROH Ved Hoes coeesweeenes en scene 
Bottoms of wood for flone Mortars — sssssesseesessnseer 


for ditto ahh ee ed 


Ae en ee nee 


PP ee ee rr 


So CORE FHOT ER RO US ET ERORET ETE ROD 


Vent ewee PA SNEEENOT TRE TONE eee hemeeeneaner 


Machines and their Apparatus, 


Handfpikes Prt Te etre et eet et eae ceee rene 
TBt pe Wt ceenvsctsectssen ones se ons-ccorsvinestnsaainamnapsosantegs 

levers with horfes ..... or 
Oe las a El 
OL gerbes ornate etne pe: — sates 
CLRID DNCR vnsstrariovadenamrend re ypiintnecenbeegigesel 4am bee. 
Capftans complete with ropes — ...........:sssssseesseseseee 


Pallicg ree soe cree oe ocesatinsa eserves aeacee . 


MGI BISie wsectcttas tes saaetcecesct vccancttescdgscyenervesctescasescauseastys 
Sling- waggons 
Block-waggons ee 
Common ED. scsesteoncsnessssesssnesnsarsesnnssivessnsersonennen 


Cordage. 


Ropes for gums — seccsressscsrsrneasssscescersecescnessonseceseee se 
Spare ropes fOr BINS —seseecarserseeeaeseaes 

Ditto for windlaffes and capftans 
Double flings — ssss.sersscesssssesessesconsensennoncnscaassese noone 


a 
FAN W OS ONE ok ob3 


W 
Q 


Ropes of various fiZeS  sses-sorseseeees Rasa eusssiteneen 1 18 oe 
Fackthread — ..sssssesseerees aichaveusice tse avstneetstevsetare :— — 
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Amoury. 
Long wall-pieces — sesssrsssscorcsscesonssesseonerseanssuecssoncen 
Wall- pieces ...... So bend thbiahes usasedacet cosvesussacs ddésieseaisoneis 
Mufguets ........ seiceinswvameuneass 
Piftols ies ae 
Spare rammers for mufquets 
BepOntoons: «sss esessess cave estusucnstctnscensscbansucensvonseeednasits 
Bcythes with handles Jasushll Shen sa vanish deadonas® tebesans eve 
Cuiraffes with cafques — cssscsorsssrsssesessasserssnessseenes a 
PHONE > cctcsissastepecsucdsantucensbuiteesstia enmdaavavatoseni sete 


Bullets for wall-pieces 


Tead for mufquet balls at 20000 rounds a } 
day, including fortics — ....-s-sesscsessenestesees 274 
TCE ssesesesenncesernsescrseracnsssesccussersneeesssaene sens 109 
Powder = tatcceieisiciceencais - whole barrels 
cw, 
viz, For 10800 rounds from 32 prs.: at 
10$ Ib. each —o..eeese ee r 988 
For 10800 rounds from 16 prs. at 5h Ib. i 
CACH — cseceacsotesccseteotsces seas seatenpesens specs 494 
For 10800 rounds from, 8 prs. at 3 lb. 6 
4B OZ. CAC — easrcstevessserreetsorseeessares 31 
For 800 rounds from 4 prs. at 1lb, 
1002. 4dr. sessessnees i 
For 3600 ditto from 1 3 inch mortars 
at 12 1b. g $02. ener 395 


For 1200 ditto to roll upon ‘the ‘breach 
at Sib. 3202. sssene 69 
For 3600 ditto from ro inch mortars 
at 61D. 80z. 14 dr. svsssssesssereeesee are, 
For 7200 ditto pe royal ditto at 3 Ib. 
Ae. cessccsssese sssvssensuassserssen sees 
For rion i ditto from ftone ditto at 4lb. 
BOD. GUT. ssererscscnensesseenserseeessereees 
For 19900 hand had Ereneees AN 3 CF 4dr. 22 
2 


For 


De alt 


_ Mori Wire > -cnccscecstsasenansavessestnscsecvarecmsvanvessecnevs 


nd Notes be ave 
pare § for intrenching tools svesmeessnentant tt 


Sand } _— AnOe NAAN SG ee Nene ERAN Ones aes bene Heed PEE NEES Seen ereeeene 


RGURLIS SasSaseucassitansate egzeees aortaan paesetcteteaioen 


Siriall Citi.” “sstecivcicsbecsacsevctteses ceeeiecsencssestewcenccoreemcee 


Greale  sssvsssnsesrenneccesnvsagersseesesnsasssnssomeenssssen 90 
Flannel for cartridges ssscessresececmeeersene yards 


Iron-work ca Nails. 

Cwhe. 

Iron-work of forts for oe carriages and? 6 
MIOFtAT dS ce co enseevsnesawissessseyse ah 3 
ee -plate for carriages, “round, fquare and 
AL neaveccecscceccessccccccsnesnscsces sae aeerceseceedeceencee 

Tails 260 WHEE sciomnseriesercmmanclamcininn 

Ditto Tor pliers casctsscns-cssisanennn 

TOG GOTO TE TB.  eeerrcewinineeenwnenenne 


, N 
WwWw OO NI 


Steel eoerrese ceansore.cdeg esos Oo be ewee pees pace eaeceneneseoseesscos 


— —_ 
es — 
=. 3 
— _ ose 
= 
-- 
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Articles for the Laboratory for making up Compofitions of 
various kinds. 


Powder; pulverized faltpetre; flowered-fulphur; powdered 
charcoal ; crude antinony ; rofin; tar; pitch; turpentine; 
fpirits ; fpirits of wine rectified ; oil of olives and lintfeed ; 
vinegars yellow wax; fuet; greafe; afa-foetida; glue; thread; 
fine and coarfe tow; linen and cotton cloth and barras; 
fewing thread; old lincn and match; faggots; iron wires 
thin cord; fmall iron chambers and piftols for the carcafes. 
"The quantity of thefe articles depends on the number and 
kind of fire-works, and the nature of the compofitions, which 
may be eafily known trom the laboratory books, 


Articles fer the Laboratory for making up Fire-works. 


Number* 
Cheft of drawers  ..c..cssses csssesseessasenssssesenee asese 
Steel ard sic cs 2th a sac asantuesssce sdecdaetecat cde tecuteseszeuae- 
Balance with fcales  “....ssssseasssssessesonnseesscrencesnorevencoes 
SPAS. scagescasageaiectitasativses aaa Akagi aaacduedectoeasetne anes 
Ditto for mealing powder and mixing compofitions 


WWW HH DMNW NG mom om 


Large copper cauldrons — ....sssseeeseees sdssth nist Gdonedacesna ste 
Medium and final] ditto ucccsessesscssssseecssssrseansesenees 
Tron trivets for ditto sudensdce ‘Gece'sueenuy chitin 
Large peftle and mortar of bronze ssessessssssseenseessoeee ‘ 
Common hammers eer 
PUN COrs sessace dia sstibivecentaaeeceet pairs 
Large and fimall axes ...-sessssesssssseeesseesecs cess seon sone cacecees 
Rafps for wood —....... asdensbectenashenesneo sedvsavetas sesoieaneere ae 10 
ACG esses cossutecsostans vous eves lack stonstay ashsctasseaneecchaosnetsive sued Io 
Drawing Knives: cisissovesviiscn:sisaseesanctonssenesitabsnsacurstensrs 10 
Common ditto oa... ssecsecsescesessenssesssnee core aeon sees caseoess 6 
Large and fimall fciffars — ..e.secsssessesseeesensonerenee pairs 6 
Tron punches — .....sccssscscessseesseossonepacnee sees sven ssetsaesetstene 10 
Straight and crooked awls — .sscsssessesesseesessesseee senenees cane 10 
Packing needles = <ceiscccscsosesssncasues boca ecaseenoas ssn secansiosciy 12 
Sewing Gitta .....sessscveseessseseereesseceesnseeeere fee - 400 
Common and fine faws  ..asccccssrossessnsceet ence seessccvsecrsees 8 
Augres and gimblets — .....ssesssssssnesscesesesonescessenesesenanee 30 


Common fieves o..cccsccsscsessscoesccnnseqeeatensceetesseversnsenees 6 
Witte HM At bpcicniastcesnsnvsoncsns esas encoacpectcacruatsiovsatpenss 3 
U3 Small 


“Seer 


alibres sees nneegpataaatnawusanes ges vens ae thnseepene tens noes sane pairs 2 
CRG ATT io ane am pee Soha mere ee nam Rate 12 


Royal and common paper seee.jesmesesceee vor FOAMS 
PaebaGl cen rassinetencciaics wontcmiorman GO 2 
Flints, fteels, tinder-box and matches 


Cecccccrecesacoced 


Tacks and large nails -ssssssssrsssseeeessenss 
Wax candles eibgesiconescoct 0000 cnce eter sees voce ces ceen cess 3 =— 


Intrenching Tools. 


Pick -axes 0000 0600 0Oe0 0600 9000 8000 0008 25080000 0008 BOF c00e BEE REET BORD EEE 3000 
Mattocks _...... eseveseevecsesssnaesneee 500 
Shovels eaereeee ane bees coos coevevescoete 400 
Large and.fmall axes sinscinninnnicinatinmnneiinacins 2106 
Hand bills 


PO PO rd 500 
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Tools for 12 Carpenters. 


Broad axes: ssscassscccessesccsancesescesceapconssnsocsessosessssvossseens 


SMM GN ccessces casseecotescessesiesencs cote spscipenmemsenaageonares 


Crols=cut laws: —casicsccicsscrcaeacctsaecs 

Common ditto of forte aski cea uekc GoMRIREU REUSE DIRRAEA 
Triangular files for faWS — .ss..ccscsceseoree os 
Planes... osnaces easbiesase’ 
Mortaife chilfels sees 
Hatchets — .scosssessee, cacesdesupcustsu cust yapulentonnl 
Square and round gouges seseseoeaapesenssapeessesunranenenes cose 
Chiffels of fizes ........ sabi'ss inhi CAMMERANIRGAGE see0 
Large and {mall compafies oie nC EE a 
Large gimblets joroners isco 
Small ditto... ieielinbiiticigkcieaeemdelliin siae05ss 


* Drawing knives itn dewanebimenbisinopaninaienyelssis 
Sledge hammers fepreocnespagppesins wes tsacne 
Ce pairs 
TW RCtRORES —cccecsessces «vernon dieenaes 
FARA GiCOS, cock cccssicasassscessenessshensdesezcacasses coeaeseesgnasesses 
JrOn CrOWS) —sssesssssusnvssesecs ones ssecpesnnstapnevonmemnepuecesessorsd 


“Working | Bewcies kcktmieen ceneeave 


Tools for 6 Blackfmiths. 


Large bellows with anvils and ftocks — «..... mercnecte mavens 
Forge t0rigs — sese.cesssessovevece sees pairs 
Nail borers  -.cc.ssscscscsseeceoeees pearing 0s 556 
Forge hammers . ccccssescscrscessocssgeessssssvensms wenn “ 
Sledge ditto ~~” iia 
F ies CE THREE, arse sneesacssnssivacee 

Benches with beak aie -one yaa one {mall 

Small vices — ..cosscescsncosesceeseorerascotnas= 

Small anvils __.... fe 
Iron prefs for binding and ftreaking Wheels — srecsecarse 


Tools for 12 Armourers, 


Forge bellows Peet 
Apvils with Rocks — .ccocscccscvvesssencencccccsecaces coeescccsgeasece 


Small anvils — .avorscssccvscerseceseseeeeee Lcueseueesiencesssdtakenssare 
U4 


ee ee) 
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ar hedy f Nawbes, 
Forge hammers of f12¢5 — sssssssssssssssssotesrsceteesesserermeeee 2 
FOrge tongs. .cssecssssssesssnseesoossetsenceses decsereescecse Pal 16 
Behches with iron and wooden beaks — ....sscsseeeseees 12 
Fildes of G2€8 — .cccccccssocccsceseccsesnersscgcevsesesed sees es ‘s 200 
Rafps daee sees cose seers 50 


Large and fall gouges  smsesssssececstectcenternnce 48 
Inftruments for making {crews of fizes ... et 


Drills with bows  es.cscccssssssrsasessonsene seeneesnees 12 
AUgreS — reccsterseresesedscareneesssrontsescessar sens sent cnseneee seer evenes 12 
GSU ERS.» Sees cces hceedstsisns peavedencees sins ocess seu tacecccccecesecrsasces 60 
Drawing knives esses sad 2 


Hand vices — ssavcssrcssnscsvonds seterotesstsstecseerscaee 2 
With a proper quantity of coals for the black-fmith and 
armourcrs, , 


Tf the place be countermined, there fhould be the fame 
proportion of miner’s tools as in the former inventory; 
taking care to increafe the number of them in proportion to 
the number of miners, and to add the following articles, 
Oaken planks for rnanilets; beams of 5 inches by 7; planks 
for occafional works, and tor boxes to contain the powder; 
beams for making the frames of the occafional works ; pitched 
wooden troucths ; fauciflons mude of coarfe cloth; large 
oil-clorhs ; fund-bags; petaids ot fizes; fhells 5 piftols ; 
blunderbuites ; tin chandeliers. Lanterns; olive-otl; can- 
dies; nail. of 4c to the lb. ; powder; clay; eld dung; in- 
flammabic ard feiid compuiiuuns. Vie quantity of each 
of thele articles nuit be apportioned to the manner in which 
the mines are charged, and to the method of carrying on 
the fubterranean war, which will be cularged on in the 4th 
chapter. 

126. The number of artillery-men for the daily fervice 
of the guas and mortars contained in this inventory, may be 
eafily inrerred from the former remarks on that fubiect (57): 
three times that number will be the proper compliment for 
the detence of the place; one part is on duty on the bat- 
teres, and the feconJ is preparing and providing the batteries 
with ftores, while the third is repofing. If the corps of 
artilery be not fufficiently numerous for all thefe duties, 
the ‘ine mut furnifh a certain number of additional gun- 
eis: qour micn at leatt, fhould be attached to every piece 

of 
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6t ordnance; fo that if there be 60 guns.and 20 mortars . 
in the place, there ought to be 320 artllery-men, befides 
ferjeants, 'o every piece of ordnance there fhould be & 
fkilful expert man to direct the loading and lasing, and the 
additional gunners fhould be allowed for in the demand of 
troops made for the garrifon. Befide the commanding offi- 
cer of artillery, there fhould be s or 6 others of inferior rank 5 
and even more, if the place be capable of making a long 
defence. 

The number of carpenters, black-fmiths, and armourers 
will be regulated by the proportion of tools in the prece- 
ding inventory; part of them may be taken from the artil- 
lery, the reft from the infantry of the garrifon, or the inbae 
bitants of the place. 

With one ftage of countetmines, and a large gallery, 
where it is potible that the miners on both: fides may meet, 
their number fhould be 200; and 3co, when there ‘are two 
ftages of countermines, with two officers, and two non-com- 
miffioned officers : part to be taken trom the miners belong- 
ing to the artillery, the remainder from the garrifon ;_ taking 
care that the latter are men of approved courage and fidelity. 


CHAP. IU. 


Oy rue Frrst DisposiTion TO BE MADE FOR THE 
Derence oF A Fortress NN. 


127. Tu E magazines being furnifhed with the ordnance, 
ammunition and ftores contained in the inventory ; every 
article depofited in the place allotted for it in the diitribution ; 
the projected works completed, and the countermines pre« 
pared ; the commanding officer of artillery on the apprehen- 
fion of a fiege, makes under the orders of the governor his 
difpofitions for defence : diftinguithing the operations necef- 
fary to be performed previous to the inveftiture, from thofe 
that may be deferred till the place is invefted. 

128. In the firft place, the mufquet cartridges are made 
up; light-balls, pitched faggots, and fire-pots prepared 3 
the fufes drove ; a certain number of fhells filled; and in 
fhort, every thing in the laboratory put in fuch a ftate of for- 
wardnefs, that in cafe of an attack, nothing will remain be 

one 


‘eee 


oe one of the countermines are taken, which 
final finfis on every fie fo determine the nature of he 
ground, witha view of afcertaining the time. requilite 
Ain Bape ips cine ey SY and judge how 
Se RAEI SG SOE RU ar work can be heard g 

ich entirely depends;on the tenacity of the foil : that me- 
thing, in a word, rnay be wanting (0 render the fubterrancan 
operations canducive to fuccels; experiments are made, to 
determine 


ween the furface of the ground and an excavation g 
feet below it (which is the depth of the work that the 
befieger fhould carry on in fearching for the counter- 
mines) and to afcertain the charge for only fthaking the 
earth, and burying the enemy’s batteries without. making a 
large entonnotr, The care of the miners is intrufted to an 
intelligent officer; fome men are occafionally picked out 
from the infantry for that fervice. “The carpenters, black-" 
{miths, and armourers fhops are fixed, that they may pre- 
pare the feveral articles belonging to them ; and fome horfes 
and oxen procured for removing the guns and ftores to any 
part where they may be wanted, with a fufficient quantity 
of forage for their ufe. 

As economy in the daily iffues of ftores, and in the extra- 
pay to the artillery-men and additional gunners ts a matter 
af great moment; a commiffary and fome clerks of ftores 
@re appointed to keep an account of all iffues and expen- 
ditures, that exact returns of every thing may be made out 
avhen called for. 

azg. At the fecond epoch (127) viz. when the place is 


ri 


. émavefted; the commanding officer of artillery direé&ts the 


powder and every other article that will be wanted pee 
she fiege, to be diftributed in the different magazines ; 
the 


IN TIME OF WAR. 315 


the fhells and grenades to be filled and depofited in fecure 
places: this fhould be done before the enemy opens his bat- 
teries. The amuzettes or wall-pieces with their ammu- 
nition are carried to the advanced works, particularly on 
the fide where the enemy is breaking ground ; and the bare 
bette batteries furnifhed with powder and Shot, and a de- 
tachment of men for firing at the parties of the enemy that 
advance to reconnoitre the works, or drive in the out-pofts 
of the garrifon: the officer charged with this duty, after 
receiving directions from the governor with refpect to the | 
. parties detached from the garnfon, fhould remaim on the 
batteries during the whole day, to feize every opportunity 
of annoying the enemy. 

An officer of the civil branch is appointed to affift the 
ftore-keeper, through whofe hands all iffues of fteres muft 
pafs, as ‘he is beft acquainted where -each article is depo- 
fited ; this officer is intrufted with the key of the maga- 
zine, whence the daily iffues of powder are made: the keys 
of the other magazines remaia according to cuftom with 
the governor and ftore-keeper. 

It may be neceffary during the fiege to project fhot and 
thel's to different diftances according to the fituation of the 
befieger’s park or powder magazines; the following table 
therefore fhews the ranges of guns and mortars : the charges 
are fuppofed to -be $ of the weight of the ball for mufquets, 
éc. £ of the weight of the thot for 4 and 8 prs. ; and 3 for 
16 and 32 prs. The chambers :of the mortars are elliptical, 
and filled with powder; thofe af the ftone-mortars are in 
form of a troncated ‘cone. 


Point 


- from his breaking ground, whic 

sn he intend 3 the commanding officer of ariille 
direétsthe guns“ allotted for that front to be drawn to it ;_ 
placing thofe of ‘the fame calibre together, to avoid the con- 
fufion arifing from mixing the fhot ; and makes the carpe 
ters lay down the platforms for the guns in the flanks. The 
engineers conftruct in the works of the front attacked, occa- 
fional magazines for containing the powder and i 
for one day’s expenditure. The infantry furnifh the necef- 
fary number of additionals to affift in working the guns; the 
fame men fhould be always attached to this duty, to fave the 
trauble of inftructing every day a frefh fet, and fhould be 
under the care of their own non-commiffioned officers. 

The commanding officer of artillery then makes out a 
plan of defence as far as refpects the artillery, which he fub- 
mits to the governor for his approbation ; and afterwards 
communicates it to the feveral officers under him, that being 
acquainted with the principles on which the defence is to be 

conducted, 
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conduted, they may do their utmoft to contribute to its 
fuccefs. 

131. In this plan, the firft axiom is to retard as much at 

poffible the progrefs of the befieger, and to multiply his dengert 
end difficulties: this is effected by a judictous application of 
frre-arms, fallies, and countermines. The whole front of 
the attack is lighted during the night, that the artillerifte 
may direct their guns with greater precifion, and difcover 
the movements of the enemy; which will enable the gover- 
nor to judge when and on what fide, a fally may be made 
or a mine fprung, to the greateft advantage. 
_ 132. At the beginning of the fiege the garrifon throw 
thells tilled with combuft.bles to light the front of the attack 
during the night : when the enemy is advanced within 350 
yards of the works, light balls are ufed for this purpofe 5 
and when he approaches the covered way, pitched faggots 
are thrown on the glacis to difcover his works : and, finally, 
faggots and grates filled with combuftibles are placed on 
the parapets of the advanced works, whenever the encmy 
is endeavouring to effect a lodgement. 

133- It is an eftablifhed maxim in making fallies, that 
they be fupported by a heavy fire of artillery and mufquetry, 
difpofed in the moft advantageous parts of the works for 
compelling the befieger to remain within the trenches, or 
expofing him to great lofs if he advance to repel the at~ 
tack: wherefore the fally ought to be previoufly concerted 
with the commanding officer of artillery, who thould fug- 
geft any method that occurs to him of rendering the fire 
of the artillery more effectual in covering it. 

134. The fervice of the countermines will be difcuffed 
in the fubfequent chapters; at prefent we fhall enter into 
a detail of the other difpofitions for detence (131). When 
the befieger begins to break ground, the, proper detachments 
are fent to the barbette-batteries, with injunctions to let 
the additional gunners affift in working the guns, that th 
may become expert: this party, and all others on the dif- 
ferent batteries during the fiege, are relieved every 24 hours. 
The fire from thefe batteries is directed during the day 
either againft the unfinifhed parts of the trenches, or to 
enfilade the communications ; as may appear moft advan- 
tageous. In the evening, precautions are taken that the 
guns may bear during the night on the part moft oaitea 

r 
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diftrefs the enemy ; fhells fled. wih combuttibles are fronts 
time to time projeted to light the country (132). 

535 Wren the fituation of the enemy’s firft batteries 
is known, the embrazures on the faces of the baftions and 
the other works oppofed to the attack are opened, and the 

tfornws laid; this fhould be completed in 24 houss. 

he direttion of fome of the embrazures in conform- 
ity to the eftab'ithed axiom (131), to be t § the ground 
on which the enemy mutt carry on his fap; the others 

inft the batteries, oppofed to the guns that fire upon the 
head of the fap:.it would be a manifeft departure from this 
principle, to oppofe gun to gun without regarding the fap ; 
and the error would be ftill greater, to fire agaioft works that 
are already completed, and confequently proof to cannon- 
fhot. The commanding officer of artillery points out the 
objedts again which the fire is to be direCted, enjoins the 
moft exact attention in loading and laying the guns, and 
forbids them to be altered. He goes round the attack at 
Jealt 3 times every 24 hours ; early in the morning, to re- 
connoitre the enemy’s works, and alter the dire&tion of the 
guns, if neceffary ; in the afternoon, to take memorandulns of 
what ammunition may be wanted ; and in the evening to point 
out where the light-balls are to be thrown, and fee that the 
fire both of artillery and mufquetry is directed againft the 
unfinithed parts of the enemy’s works. 

136. When the batteries are mounted with cannon, the 
guns are withdrawn early in the morning from the barbette 
batteries, and brought back at night to entilade the com-— 
munications: this manoeuvre is continued till the enemy’s 
mufquetry is advanced too clofe to the works. The 10 
inch and royal mortar batteries are opened, as foon as the 
befieger advances his communications between the fecond 
parallel and the place: thefe mortars fhould be placed in 
fuch a fituation that, in fpite of the inevitable irregularity 
of the ranges, the fheils may fall on fome part of the ap- 
proaches. During the night, light-balls are projected ‘to 
affiit the direction of the cannon and mufquetry. When 
the approaches are advanced within 300 yards of the co- 
vered way, the {tcne-mortars come into ule; they are 
planted in the faliant angles of the covered way, againft 
which the enemy is directing his approaches. All the more 
tars fire day and night: when the third parallel is nearly 
finifhed, the ftone-mortars are withdrawn from the covered 
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way ; and placed in the works immediately in the rear, at 
the foot of the barbette batteries, to fire into the enemy’s 
Jodgments on the creft of the glacis, when the garrifon is 
obliged tu evacuate the covered way. 

While the befieger is working at the third parallel, great 
number of pitched faggots are thrown upon the glacis during 
the night from the covered way: the guns that enfilade the 
glacis are directed againit the lodgements on the creft of its 
and every embrazure that flanks the enemy’s approaches is 
furnifhed with cannon. 

137. The third parallel being completed, the enemy’s 
difpofitions fhould be carefully obferved to judge whether 
he meditates:afi attack on the covered wavy by ftorm or fap; 
if the former appears to be his intention, the guns that enfi< 
Jade the creft of the glacis and the covered way. fhould be 
farnifhed with flannel cartridges for quick firing, and fome 
sounds of cafe or grape-fhot ; and the men attached to them 
infiru@ed how to condudt themfelves in cafe of an affault : 
at the clofe of day, quantities of pitched faggots fhould be 
thrown on the gplacis, and the fire-grates lighted in the 
fatiant angles of the moft expofed works. 

When the enemy has gained the creft of the glacis, round 
fhot thould be fired from all the guns that enfilade it, ll 
the garrifon is compelled to abandon the covered way ; then 
tafe-fhot fhould be fired: the mortars fhould keep up an 
inceffant fire on the returns of the faliant angles of the glacis, 
where the befieger mutt eftablifh his communications. —_- 

The garrifon will rally in the places of arms and the 
ditch, and endeavour to regain pofleffion of the pofts they 
have loft ; the fire from the ftone-mortars fhould ceafe the 
inftant the troops are in motion for that purpofe, and the 
cannonade re-commence. 

In all affaults, the officers of artillery fhould be ftationed 
in the works that contribute moft to the defence, with di- 
rections how to a on every emergency: their command- 
ing officer fhould take up his ftation at the point of the grgt- 
ef importance. 

138. When the befieger has gained the creft of the gia 
by bp, all the mortars fhould play on the.con ini 
that will be made along the faces; and while the +s 

ing on, it fhould be enfiladed by the guns: 1m 
that bear on it. If the gunsin anyoft at 
can plunge into the encmy’s lodgments on 1 


$20  =§-s«- SERWICE OF ARTILLERY 
embrazures fhould be repaired; throwing light-balls duri 
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from that defend the breach is pe ap 
to the enemy’s: fince, befide this flanking ainft the 
epaulments, a heavy 


counter- . 

A beach ving been made in any of the out- 
the artillery fhould be withdrawn in time, and placed in 
work in the rear of the one that is difmantled, in order to 
fire into it. When the guns are withdrawn from the rave- 
lin, fome embrazures fhould be opened in the curtain, that 
the befieger may be expofed to a heavy fire from many points 
at once, the inftant he attempts to lodge himfelf in the 
ravelin. é 

140. The breach being rendered practicable, a great num< 
ber of burning fafcines and light balls fhould thrown 
into it; and over thefe dry faggots and combuttibles of all 
kinds: when this expedient is exhaufted, all the guns and 
mortars fhould be pointed at the breach, to mow down the 
enemy’s column in mounting to the. affault. 

From the different methods of repelling affaults explained 
m the fecond book of Military Archite€ture, the officers of 
artillery will fee in what manner the defence of a fortrefs 
provided with ftores of all kinds, may be proteéted by their 
fkillful and judicious condu&, combined with the exertions 
of the other parts of the garrifon. 

Though the preceding regul.tions may feem to be adapted 
only to places where the works mutually fupport and com- 
mand each other, and every pojnt in the environs; yet 


they 
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they are equally applicable to fortreffes fituated on mountains 
with different profilés: provided that in the proportion of 
flores, an additional number of mortars and combuftibles 
be allowed tor the defence of the dead angles, which fre. 
quen‘ly occur in places in fuch fituations; and the weak 
points be carefully diftinguithed from thofe that are inacceffi- 
ble, even when a breach js effected. 

141. When at length, the piace is no longer defenfible, 
the chamade is beat: at the turrender the commanding offi- 
eer of artiliery in terms of the capitulation, will give the 
enemy an exact inventory of the ordnance and ftores. If 
permiffion be granted to take out any covered waggons, the 
Jargeit guns fh-uld be carried out on block waggons covered 
with oil-cloths, and not inferted in the inventory giyen to 
the enemy. But if the fiege be raifed, all the flores liable 
to be pris-cd fhoud he immediately carried back to the 
marayjacs, and a gzueral inventory taken, diflinguifhing the 
ferviceable from the unferviceable ; th: puns and niortars 
fhould be alfo examined, and thofe that are damaged fent tq 
the foundery. 


CHAP. IV. 


Or tHe Derence or THE CouNTERMINES. 


142. LN the greater part of fieves, the befiecer his a 
dccided advantage ; for the covirons ef moft places being 
fufficiently fpacinus, itis in his power to plint a very mus 
merous artillery i in his firft batterics, and ciabidh a fire fupss 
rior to that of the place: but inthe atrack of a fortrels where 
the countermines are judicicufly difpofed, the garrifon at 
the inftant the befieger is endeavouring to bedee Limfelf on 
the glacis, and in the other works retuns ther fuperiority 5 
fince he is under the neceffity of feeling his way with much 
danger and lofs of time, in order to afcertain the tatery of 
his lodgements and batteries ; without knowing the points 
where the befieger awaits him, and often finding himfelf 
buried in his own works at the monoent he lealts expels it. 

143. To oppofe the beiicger cftectually in his releach 
for the countermines requires much difcernment, an uninter- 
rupted vigilance, and great exertions of bravery. ‘The fun. 

x daincutal 


it Di : 
at the fame time. 
144. To convey a general idea of this fubterranean war, 
* Jet us f{yppofe a place with two tages of countermines ; that 
permanent and provifional works are prepared along the 
front of the attack, when the beficger gains the foot of-the 
glacis ; and that the foil has depth and tenacity enough to 
enable the befieger to execute any work he may judge necef- 
fary. “The objects of the befieger being to render uielefs the 
countermines of the place, in order to fecure his principal 
lodgements and batteries in breach, he will be obliged either 
to attack them in front by the means of flopes and galleries ; 
or to attack the paffaces leading to them by finking thafts -in 
the covered way (Part I. Chap. VII.): the following are’ 
the difpofitions oe oppoling thefe attempts. 

145. The front that the enemy intends to attack being at 
length known, a larger quantity of earth is carried into the 
galleries on that fide: and when he approaches the foot of 
the glacis, filled fand-bags are ranged along the galleries 
without obftructing the paffage, and a larg: quantity of dung 
Jaid in the ditch near the entrance of ‘the countermines. A 
miner 
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miner is pofted in every three or four branches that poiht 
towards the enemy to liften whether he be at work: on 
hearing hin, the miner fhould keep firiét filence, and redou- 
ble his attention to afcertain exactly the fituation, diftance 
and nature of the work he is carrying on. If the enemy in 
making his lodgments meet with one of the ventilators of the 
mines, the bottom fhould be immediately clofed with a fand- 
bag, and the fpace between the bottom of the gallery and the 
ventilator filled up very folidly. When from the nature of the 
foil the enemy can drive his fhafts under ground without beir 
heard, a well braced drum fhould be placed at the fufpe& 
points with fome grains of fand on the parchment, which 
will move when the ground is ftirred or fhaken, 

Having afcertained by one of thefe methods that the enemy 
is advancing towards the countermines, the five following 
cgafes may occur. 

1. His fhaft may fall on one of the branches of the 
firft ftage. 
2 Or on a gallery of the firft ftage. 
. It may approach very near to a branch or galle 
of ate firft face. : cis 

4. It may fall on a branch or gallery of the fecond 
flage. 
. It may fall obliquely on the countermines of the 

fecond ftage, without the beficger being overheard in 
working from the countermines of the firft ftage. 

346. The general method of oppofing above ground thefe 
attempts of the befieger is to throw {hells into the thaftss 
the Gtuation of which is eafily difcovered by the foil of the 
excavation : the explofion of a {hell falling into a thaft, ren 
ders all further attempts for fome time impracticable, 

Another method equally effectual is to make a fally, and 
throw into the fubterranean works of the befiecer combufti- 
bles of a very fetid nature, to render the air unfit for refpi- 
ration. Befidethis, the following oppofition is made under- 


ground. 
147. Should a fhaft fall on a branch of the firlt (tage 
(145, No. 1), it fhould be immediately filled with fand-bags 
d clofe together for the fpace of 20 feet; in the middle 
of this {pace immediately under the fhaft 4 or 5 loaded fhells 
thould be laid with the fufes of fuch a length that they may 
all burft together: they are fet fire to by a fauciffon the 
moment the befieger gains the roof of the branch, and by 
xX 2 thei¢ 
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placed on this floor, fed the preceding para. 
gtaph, and fet fire to the moment the betieger the 
roof of the gallery. As by this method, the communication 
is kept open below the treftles, it is preferable to the other of 
filling the whole foace with fand-bazs. Befide, if the coun- 
termines to which the gallery leads be of great importance, 2 
frefh communication may be made from the neareit branches 
or galleries, after the explofion of the fhells. 

‘The betieged fhould perform thefe operations as filently as 
poffible; not ufing hammers to knock out the bricks or 
make holes in the roof, but forcing them out with levers, 
that the befieger may not be aware of his danger. But the 
operations of the befieged will not fail to be difcovered in 
the three following circumftances. 

14g. When the fhaft paffes near a branch or gallery of 
the firft ftage (145, No. 3,); its direétion and diftance being 
known, the befieged fhould afcertain whether the fhaft when 
funk till it meets with water or rock will be near enough to 
any of the permanent countermines to deftroy them: If that 
be the cafe, he fhould carry on horizontal branches on both 
fides to find out the fhaft, and have every thing in eae 
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for charging a chamber inftantly to deftroy it. As the be- 
fieger muft be aware of this, ‘the befieged fhould attentively 
liften to find out when he ceafes to work, which will be a 
fign that he is charging his chamber; taking care to diftin- 
guifh between the found that is made in hollowing out the 
earh, and a noife frequently made to counterfeit it, in order 
to deceive the befieged. 

When the befieger ceafes to work, the diftance between 
the branch and the fhaft fhould be compared with the dif- 
tance between the bottom of the thaft and the furface of the 
ground; and if the line of lealt refiftance be towards the fur- 
face, it it will be fufficient to make a noile fimilar to that of 
removing earth, without proceeding any farther: which will 
make the befieger believe that the work is always going on, 
and induce him to {pring his mine without doing any detri- 
ment to the countermines, yet greatly to nis own difadvantage 5 
fince after the explofion the ground will be unfavourable to 
any future work. But if the line of leaft refiftance be on 
the fide of the branch, a chamber fhould be inftantly charged 
with a proper quantity of powder and fprung. If the be- 
fieger, notwithfianding, continues his work, the branch 
fhould be advanced within 7 or 8 feet of the fhaft, that it 
may effectually deftroy it, without doing any damage to the 
countermines (143)- 

rso. In the fourth cafe, viz. of the fhaft falling on a 
branch or gallery of the lower ttage, the belieged will make 
the fame difpofitions as before (147, 148), and fet fire to 
the fhells the inftant the befieger reaches the roof of the 
gallery ; when the fhaft paffes near any of the counter- 
mines of the fir{t ftaze, the beficged will carry on horizontal 
branches as directed in the preceding paragraph, making at" 
the fame time the neceflary difpofition in the coun‘ermines of 
the lower ftage, that are threatened by the enem:. 

When the thaft without paffinz near the countermines of 
the firit ftage falls obliquely on thofe of the fecond, horizonzal 
branches thould be carried on from the lower ftage in the 
fame manner as directed for the upper one. 

151. The fubterranean war is {till more in favour of the 
befieged, when the befieger attacks the countermines in front 
by the means of galleries or branches; fince the former will 
be then enabled to difpute the ground inch by inch. When 
the enemy’s gallery points towards a provifional branch, he 
fhould be waited for ig filence, till arrived at a proper dif 
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tance, and a mine fprung to deftroy his works (147). Bae 
Whee ons rent ac ena om 
ones, t 10 
cried forward io mes hin 3 blr . fe 
» It may happen either through th¢ t 
befits, Gro ten seere cl thes gio intruments. 
uled it, that the befieger may without being heard 
gain the wall of the countermines; in this cafe, a large 
petard well propped behind fhould be inftantly fixed againit 
the part he is approaching, and the (crews that faften it to. 
the plank taken out, that it may aét againft the wall with 


greater force and do the enemy more damage : as fvon after: 
the explofion as the fmoke will permit, the miners thould. 
examine if any communication be opened between the coun=— 
“termine and the enemy’s works; throw in quantities of fetid 


blocked up with fand-bags ; all forts of combuitibles be 
thrown into the intercepted part to compel the enemy to 
abandon it. 

153. The garrifon fhould never relax in oppofing the defigns 
of the enemy, even though all the permanent countermines 
ate by degrees deftroyed and they are thus deprived of the 
means of blowing up the enemy’s batteries; fince the de- 
fence of the place will be thereby confiderably protraéted : 
Whereas fhould they under the idea of preferving the perma- 
nent works entire, be too cautious in counteracting the be- 
fieger, he may by carrying on his eaterprizes under ground, . 
rendet all the countermines ufelefs; and deprive the garrifon 
of every benefit that could refult from them. ; 

After fpringing a mine, the miners fhould never be too 
hafty in removing the earth or rubbifh that chokes up the. 
paffage to it, or in examining its effe&ts; this refearch being 
attended with no utility, and moreover, very dangerous: 
the fmell and fmoke fhould be drawn away, and the air pu- 
rified by placing mantlets at the entrance into the counter 
mines, with tin pipss fixed in them and communicating with 
the place where the mine was fprung. The miners in the, 

mean 


é 


IN TIME OF WAR. 327 


mean time fhould be Jiftening in the other branches to dif. 
cover the enemy’s operations. . 

154. The fame directions are to be obferved, in defending 
the countermines under the ditch, in the out-works and in 
the body of the place. » 

Thefe operations fhould be always @pported by the fallies 
of fmall parties, made unexpectedly int the ditch, to kill the 
enemy’s miners, and throw fetid combutlibles mnto their works. 

From the method of attacking countermines, treated of 
in the firft part, ic will be eafy to afcertain whether the pro- 
vifional works, in either of the three cafes mentioned at 
the end of the third book of military architecture, are pro- 
perly combined: if not, the defe@& may be eafily remedied, 
in making out the proportion of ftores for the place. . 


PART V. 


Or tne Use or Permanent CounTERMINES IN THE 
Derence or PLaAces. 


155. Fo UGASSES and permanent countermines 
being intended to overturn the principal lodgments and 
batteries of the befieger, the following is the mode of attain~ 
ing this objet. When the beiicger begins to make the third 
parallel, all the fougafies on the front of the attack are 
charged with the quantity of powder found by experiment 
(128) to be adequate to the line of leaft refiftance; the fau- 
ciffons of communication are Jaid in pitched wooden troughs 
funk in the ground about a foot deep along the pallifadoes, 
that, if the enemy attempt to carry the covered-way by af- 
fault, he may not be able tocut them off. Thefe communica- 
tions begin at the faliant angles of the covered-way, and 
terminate at the re-entering angles of the places of arms; they 
are fo difpofed, that the fougaffes at the moft faliant angles may 
be fprung feparately ; then thofe before the faces of the baitions 
and ravelins ; and laftly thofe in the faces of the places of arms: 
The fauciffons ought to be frequently changed when there 
is reafon to apprehend that they may be injured by the hu- 
midity of the ground. 

156. Then, the covered-way being ftormed, and the gar- 
rifon forced. to abandon the faliant angles and retire into 
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or entonnair; the ground fhould only be th enough 
to overfet the batteries and bury the guns. 

2. Not to damage the contiguous countermines by 
too violent an explofion ; which might render them of 
no effect in oppofing the enemy in making his defcent 
into the ditch. : 

3. Not ufelefsly to expend powder, which may be- 
fore the cohclufion of the fiege be wanted for fome 
effential purpofe. 

159. That the charge miay act only on the fide of the line 
of leaft refiftance, the paffage to the chamber fhould be very 
folidly filled up for a length and half of the line of leaft re. 
fiftance. For exanyple, fuppofe the chambers A, B, (PI. 5, 
Fig. g) are to be charged, and each branch CD, E F, be 
equal to the Sine of leait refilance: in AC D, BEF, lay 
a layer of dung 4 or § inches deep, and place in each cham- 
ber a well-pitchcd wooden box of the proper fize to con- 
tain the powder: having filled it and applied the fauciffon, 
‘cover it with planks; and in cafe of damp with wa hes 
ted hen 


1% 
. 


IN TIME OF WAR.. 329 


Then having filled the fpace between the box and the fides 
of the chamber with dung, large ftones and clay; clofe the 
mouth of it with planks and mantlets, placed along the walls 
cD, GH, EF, KL, fupported by the horizontal beams 
M,N, fecured by ftrong wedyes, and fill all the interftices 
with fand-bags and dung. Continue this operation to D,.F, 
where apply other planks fupported as before by the ‘hori= 
zontal beams P ; fill up the interitices with dung, &c. as far 
as Q., fo that the right lines AQ, B Q_ be each a length 
and half of the line of leaft refiftance: at Q place fome 
planks firmly fupported by the beams R fixed in the wall S, 
The fauciffon fhould be conduéted in a pitched trough along 
the branches C D, E F, fo that that the two chambers A, B 
may be fprung at the fame inftant: for it is evident, if they 
be fprung at different times, that the refiftance will not 
be reciprocal, nor the effects of the explofion fo great. 

160. One of the principal maxims in the defence of a 
place is, to hold in readine/s a body of troops to march inftantly 
after a mine is fprung, te take’advantage of the enemy’s con« 
fufion, and endeavour to regain the covered way, or any other 
poft that may have been lat. Thele fallies thould be fup- 
ported by a heavy fire of cannon and mufquetry from every 
work that bears on the enemy. 

A fecond maxim is, never to fpring any of the permanent 
countermines till every method of retarding the enemy’s pro- 
eres, or deftroving his works above ground has been exhaufted; 
for a mine once fprung is henceforth unferviceable. 

161. Keeping thefe maxims in view, let us fuppofe that the 
chambers under the, batteries in_breach which have opened, 
be charged, and the troops ready to fally: then the mines 
being fprung, and their effects, afcertained, the troops advance 
rapidly to the batteries that have been overturned, throw in 
a heavy fire, and fally from the covered way to attack the 
neareft lodgments, the moment the.gnemy appears to be in 
diforder, In the mean time,.tye miners by the means of 
man‘lets placed at the entrangg of the countermines, and of 
tin pipes reaching to the chambers that have been fprung, 


. endeavour ‘as faft as poffible to draw out the foul air and 


introduce frefh: they then immediatcly begin to extend 
the intermediate branches under the glacis, in order to over- 
turn a fecond time the batteries in breach. If this be im- 
practicable, they muft employ the remaining chambers to 
bury the befieger in making the defcent into the ditch. 

When 
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order to b aterials | breach 3 apair 
acceffible. ‘Ihe chambers thus charged fhould be fer fire to, 
the moment the enemy mounts in column to the affault. 

When the countermines under the ditch are fprung, 
thofe in the attacked works fhould be charged to overturn 
the lodgments that may be mace in them; the ‘charge 
fhould be very large in order to throw to a great diftance 
the materials, and render the breach again inacceffible, which 
will lay the befieger under the neceffity of keeping up z 
heavy fire for feveral days, to regiin the advantage he has 
Toft. The moft favourable moment of fetting fire to thefe 
chambers is when the enemy is giving a general affault; or 
when he has brought up cannon through the breach to bat- 
ter the interior intrenchments thrown up by the garrifon. 
Springing the countermines in the baftion will be the laft 
effort of the befieged, unlefs the body of the place be con~ 
ftru&ed on a fyftem of demolition, and well countermined ; 
in which cafe, the conduc of the officers will be regulated 
by the preceding maxims. 


CHAP, 
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CHAP. VI 


Or roe Derence oF PLACES CONSTRUCTED ON A 
SystTeM oF DeEMmoLITION. , 


164. Ta E defence of places conftructed on a fyftemt 
of demolition, and countermined, depends on the connec 
tion of the works that are to be blown up with tRofe that 
are to remain entire (Military Architecture, book 3d): as in 
thefe fyftems, a work that is in the event to be demolifhed, 
fhould remain entire unto a certain ftage of the fiege, and 
the mines act only on particular parts, without damaging 
others 3 the greateft attention is requifite in determining their 
firuation and fize. The four following paragraphs contain 
the principal cafes that occur, with a few refiections on each. 

165. When from the combination of the works, the 
pofition, number, and fize of the mines, can with accuracy 
be afcertained from an infpedction of the plan of the place, 
without a neceffity of performing any previous operation, 
they fhould be made before the place is attacked, (Chap. 10, 
Part 1) and charged a few days before they are to be fprung. 

166. When the pofition and fize of all the mines are 
detesmined, but their confruction requires much time and 
kabour, the officer of artillery detached to examine the place 
previous to the fiege, fhould fpecify the neceflity and extent 
of this operation : and, if the fyftem be fo combined, that 
the mines cannot be made before the fiege, without weaken- 
ing the defence of fome other part, he {hould point out the 
feveral modes of defence that to him appear moft feafible, 
and give his reafons in writing; that the commander in 
chief in laying down the plan for the campaign, may know 
upon what length of detence he can fafely reckon. 

¥67. It being impoffible from the conftruction of the 
works to determine the fituation and fize of the mines from 
an inépection of the plan, the officer of artillery muft exa- 
mine how the walls are connected together, in order to 
afcertain what parts can be demolifhed without injuring the 
others. For the fake of obviating thefe difficulties, it is to 
be withed that the mines were always made when the for- 
tifications are confivucted 5 and that the walle which are i 


sany of the fteps ufual in regular fieges, ' 
“ghe ninth chapter, and be reduced to the four following cafes ; 
: 3. When in the vicinity there are any favourable 
pofts that can be ufed to advantage againit the place. 
2. When the fortifications are cqnftruéted upon. a 
bad fyftem, or are out of repair. 
3- When the garrifon is weak, and provifions and 
ftores infufficient. , 
4 When the garrifon, though fufficiently nume- 
rous, is compofed of new levies, or of troops whofe 
fidelity and courage cannot be depended on. 

370. The common axiom, that if the caufe be done away 
he ad ceafes, holds good in this as in every other cafe ; 
for by occupying or rendering ufelefs all pofts favourable to 
the enemy, repairing the fortifications, and filling the maga- 
zines, this kind of fiege cannot take place. Thus, witha 
due degree of precaution, it may be wholly avoided in per- 
manent fortifications ; yet places fortified through neceffity, 
or during a ftate of hoftility, may ¢ither from defegt in fitua- 
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tion, or want of time to improve to the utmoft the natural 
advautazes, be expofed to it. 

171. Suppofe an officer of artillery detached to a fortrefs 
labouring under any of the afore-mentioned defects, with 
orders to make out a plan for the defence: he fhould atten 
tively weigh every circumftance that can favour a precipitated 
and irreguiar attack, and in his demand of artillery and ftores, 
confine himfelf to the neceffary quantity for oppofing the be 
fieger when he arrives at certain given points. Any guns in the 
neizhbouring towns not perfectly good, but competent to 
the expenditure of the propofed quantity of ammunition 5 
or any guns of intermediate calibre fhould be fent to thefe 
places, fince after the furrender they will be of no fervice to 
the enemy. 

172. Again, fuppofe a place invefted by the enemy under 
circum:iances favourable to a precipitate attack, there are 
two caies to be confidered: the one, with refpect to places 
imperfectly fortitied and provided only with ttores, &c. for 
ftanding this kind of fiege (171): the fecond, with refpect 
to regular fortretfes weil fituated, and abundantly fupplied 
with itores or all kinds, but of which the garrifon either 
froin finalluefs of number, or want of experience or zeal 
(163, No. 3, 4), is incompetent to a regular defence. 

173 In the firft cafe, the artilery officer guided by the 
particular motives that influenced tie commander in chief 
to adupt this plan, fhould exert every pofitble means to pro- 
tract the fiege; not keeping up too licavy a fire at the be- 
ginning, left the ammunition be too fuon expended: nor 
on the contrary, permitting the befieger through remifinefs 
in firing, to lodge himfeif on the works; which will greatly 
accelerate the capture of the place, efpecially when they are 
badiy conftructed or out of repair. 

‘Tne only method of determining the precife line of con- 
duct to be obferved in this cafe, is to weigh on the fpot the 
’ aétual ftate of the place, with all its advantages and difad- 
vantages ; and fron a general view of the whole, to lay 
down the plan of derence moft likely to protraét the fur- 
render, 

174. In the fecond cafe (172), the greateft efforts fhould 
be referved, according to the ftrength of the garrifon, for 
the body of the place, the ravelin or other out-work, fo that 
from the time the befieger effeéts a lodgement on the glacis 
tll the place capitulates, the defence will be almoft Sd 

when 


Yo guard againft 
sautinies, which frequently happen is regiments compofed 
principally of deferters. 

175. The four cafes in which a fortrefs is blockaded, 
have been already mentioned. To render the blockade of 
no effect in the firft cafe (gt, No. 1), the magazines and 
barracks are made bomb-proof, and proper precautions taken 
to prevent and extinguifh fire: in large cities expofed oi every 
fide to bombardment, where the houfes cannot be fecured 
from fhells and red-hot fhot, the governor to cover the 
inhabitants as much as poffible, fhould endeavcur by the moft 
prompt and vigorous meafures to keep the enemy at a dif 
tance; by making powerful fallies, throwing up lines of 
counter-approach, and feizing and fortifying with artillery 
every (trong poft in the vicinity of the city. 

176. When a blockaded city has not the moft diftant 
profpect of fuccour, the garrifon thould keep up a very heavy 
fire from their artillery, and a make large fallies, 
that they may compel the enemy to raife the fiege ¢ ‘by thefo 
means 
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means they will at leaft, expend their ammunition, and not 
leave a complete arfenal to the conqueror. 

In the third cafe, the nature of the defence muft be de- 
termined on the (pot from the manner in which the enemy 
carries on and directs his attacks; the greate(t efforts of 
the garriton fhould be oppofed to the works and batteries 
that incummode the place moft, without wafting ammuni- 
tion againft the others. ; 

Finally, in the fourth cafe every advantage for which the 
enemy gives the leait opening, fhould be feized ; taking care 
at the fame time to be {paring of the ammunition, that there 
may be futhcient for maintaining a regular defence, when 
the befieger has brought up the necefiary artillery for puth- 
ing his attacks with vigour. 


CHAP. VIII. 


Or CounTER-APPROACHES. 


177. Coun TER -approaches are thofe works which 
the garrifon throw up either previous to or during a fiege 
at ditierent diitances from the place, to enfilade and take in 
reverfe the trenches and firit baticries of the befieger: hence, 
by a judicious difpofition, he may bz fometimes compeiled 
to convert into a blockade, a fiege begun with regular ap- 
proaches, and in the moft vigorous manner. It fhould there- 
fore be eftablifhed as a maxim, to make counter-approaches 
whenever it can be dene to advantage. They may either 
form a part of a predigefied plan, or may be adopted on the 
occafion from fome fudden and unexpected circumftance that 
ariles during the fiege. 

That the nature of counter-approaches may be perfedtly 
underftood, here follow fome of the principal cafes in which 
they can oecur. 

178. When a fortrefs with a numerous garrifon is only 
attackable on one or two fronts, and the ground before them 
is commanded from fome points within reach of the gar- 
rifon, and fecured from attack, being partly furrounded by 
a naviable river, ravine, precipice, or morafs; or before 
which the enemy will be under a neceffity of opening trenches 
before he can advance towards the place itfelf, a sia 

attac 


canbeat any time tron. 
‘rBo. A fortrefs”: protected by an int 
camp, that ferves to Keep prone By Op 
the country whence it diaws'its fupplies; frong works thould 
be thrown up to fecure any commanding pathts if the vici- 
nity: the neceffary gycteey: of -artillery and flores for this 
counter-approach may be aicertained with fufficient accuracy, 
by knowing the extent and nature of the ground where the | 
befieger mutt a trenches, and ereét ‘his batteries ; and 
any additional fupply may be afterwards introduced under 
favour of the intrenched camp. : 
_ 181. It often happens that an enemy in laying down 
before a fortrefs opens his attack againft the ftrongeft front : 
in this cafe, if the garrifon be numerous, and the fituation 
favourable; that is to fay, if the ground, on which the works 
of a counter-approach can be conftruéted, be inattackable, or 
covered by the fire of the place, they fhould be inftanuly 
executed, and planted with the artillery defigned for the 
barbette-batteries, and the other parts ata diftance from the 
front of the attack. As the introduction of fuccours is not 
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fuppofed pratticable, the fire fhould be direéted againft the — 
batteries that moit annoy the garrifon ; according to the inva- 
winble maxim of protradting the furrender as long as. poffibley 
by employing ever; thing in the moj) advantageous manner. 

182. An army or a confider:ble curps of troops having 
been worfted in action, has frequently takeh refuge in a 
Jarge fortified town, where was a depot of heavy artillery 5 
4nd to wiich the victoriuus army has lain fiege. When 
this happens, every ftrong poft in the vicinity that may ferve 
to keep the enemy at a diitance from the ‘face! and reduce 
him tv the neceffity of a blockade, (hould be occupied by ftrong 
detachinents, an: fortified: when the adjacent country is fo 
favourable to the conqueror, that he can in@antly break 
ground and carry on his approaches in form, the ,trpops in 
the town fhould endeavour to form counter-appreaches 5 
this being the moft effcciual method of rendering the enemy’s 
enterprizes abortive; or at leaft of embarraffing his opera- 
tions, and lengthening te defence, 

Counter-approaches cannot be made in low flat fituations, 
except under cover of an impaffable morafs or river: in this 
cafe, a trench 25 feet wide fhould be made to connect the 
place and the morafs or the bank of the river, and the front 
covered by the body of the place or fome advanced work : 
in the rear of the trench may be erected the batteries for 
enfilading and taking in reverfe the enemy’s approaches ; and 
fome advanced redoubts may, if neceffary, be thrown up at 
proper diftances to fecure the communications. The works 
of the counter-approach fhould be fo combined with each other 
and the works of the fortrefs, that the enemy in advancing 
to attack them, may be taken in front and flank, whatever be 
the difpofition or order of the attack. 

It is the province of the engineers to project the counter- 
approaches; the duty of the artillery officer being only 
to furnifh them with proper ftores and defend them: it is 
unneceflary therefore to enter farther into the principles of 
their conftruction. 


¥ THIRD 
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I ry he is betel if both mies fudi 
oufly avoid an engagement, écretly watch for an op- 
Fortonity of attacking the 3 vei we to advantage, this is 
called @ war between equal forces: and, an > faid to be 
on the defenfive, when from rng of numbers, or fome 
other caufe, the general (helters himfelf in flrong polts, co- 
vers himfelf with lines and fortifications, or retires till he 
gains a camp almoft impregnable; under favour of which 
he keeps the enemy at bay, or at leaft, checks for a time the 
rapidity of his conquefts. 

185. Whatever be the fyftem of the war, it always be- 
hoves the general to take fuch fteps previous to the opening 
of the campaign, as may infure, as far as depends on human 
forefight, a fuccefsful‘ifiue. 

The firft point is to have the army 9roperly compofed : 
to this end, it is requifite to have a clear and accurate idea 
of the peculiar properties and fervice of each of the three 
fpecies of troops, that conftitute the military force of mo- 
dern days; viz. infantry, cavalry, and artillery. In the 

(next place, the nature of the country that is to be the a 
: A °! 
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of war, and the propofed fyftem of operations fhould be con- 
fidered : fince the army ought according to the nature of 
the country to be compofed either of infantry folely ; or 
of infantry and artillery ; or of infantry, cavalry, and artillery. 
The proportion of each fpecies of troops varies alfo, accords 
ingly as the country is level or mountainous ; interfected 
by rivers, ravines, and moraffes ; or coVeréd with woods : 
the number and quality of the enemy’s troops is likewil¢ 
another point effential to be afcertained. 


CHAP. I. 


OF THE SEVERAL SPECIES OF TROOPS THAT 
COMPOSE AN ARMY. 


186. Un IVERSA L experience proves that the fuc- 
cefs of an army depends on its compofition, and the man- 
ner in which its miarches and difpofitions in the day of 
action are regulated. 

There are certain judicious combinations founded, in the 
opinion of the beft military writers, on the different fervices 
of the feveral fpecies of troops, and on the manner in which 
each can a; relatively to the nature of the country and 
the method in which the foldier is armed. 

187. The mufquet with the bayonet-is an arm which 
the foot-foldier carries with eafe: with it he can march 
through narrow paths, and over mountainous and difficult 
roads; and a bridge of flight conftra@ion ferves for his 
paffage over rivers, canals, or broad ditches. 

In common marches that continue about 6 hours, a foldier 
walks with a free and natural ftep 24 miles in an hour, 
a regiment therefore when the roads are tolerably good, 
marches 14 miles in 6 hours. Within reach of the enemy, 
the pace is regular, but quicker or flower, according to cir- 
cumftances: in the flow movement, calculating each ftep 
at 24 inches, and 60 ftcps in a minute, a regiment of in- 
fantry paffes over 40 yards in a minute : and when it moves 
with an accelerated pace, it paffes over twice this fpace or 
80 vards in a minute. | 

188. From the conftitution of infantry, the fmall {pace 
that each foldier takes up, and the arm he carries, this fpe- 
Y2 , cies 
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cies of troops is well adapted to offenfive or defenfive opes 
‘Fations in all kinds of countries : fince they can fight in line 
Yor column ; halting or marching; firing with ball when at a 
diflance from, or cliarging with bayonet when clofe to the 


enemy. 
: The intention of fire-arms being to annoy the enemy at 
adiftance, the foot-foldier fhould above all things be taught 
to load his mufquet properly ; and level and direct it well 
againft the object: -platoon firing by word of command 
from the officers is never fo deftructive as when each foldier 
takes his object feparately : this is called pallifadoe firing, 
when the mufquet refts upon any ae . 
-carri 


lnfantry having occafion for v are eafil 
fubfitted 1% won He where forge is farce. beac : j 
189. Cavalry are highly ufeful in marches and 


ments, when the country is fufficiently level and open, to 
ive them room to perform their feveral evolutions. The 
te of marching of a regiment of cavalry for 6 hoursis caleu- 
Jated at 17 miles ; but in cafe of neceffity, it tay Dees 
to 21 or even 28 miles. Wherefore from the celerity of 
their movements, they are excéllent for making incu 
into an ehemy's country; fupporting a diftant poft, or corps 
of troops; cutting off detachinents, convoys, or foraging 
parties that imagine themfelves in fecurity ; and purfuing 
an enemy when routed and retiring in diforder. The fabre, 
carabine, and piftol, are the arms carried by the cavalry. In 
adtion their great advantage confifts in the celerity of their 
‘movements, and the impetuofity of their charge, fword if 
hand. The velocity of the latter is eftimated at four times 
‘the velocity of infantry, or from 3 to 400 yards ina minute ; 
but this exertion can laft but a very few minutes. Whea 
an army is drawn up in order of battle, the cavalry is pofted 
on the flanks to cover the infantry, and be ready to charge 
the flank of the enemy’s army. 

The fire of cavalry, from its great uncertainty, and thé 
difficulty of re-loading on horfeback, is but little confidered 
in a€tion; it is ferviceable on guard, in proteéting their 
quarters, fkirmifhing, and increafing the diforder and con- 
fufion among the enemy’s cavalry, when broken by a charge. 
The country, in which a large body of cavalry is to be fub- 
fifted for a long time, muft abound in forage. 

199. Dragoons are a fpecies of troops that act occafionally 
as infantry or cavalry: in open and levcl countries they 

orm 
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perform the duty of cavalry, and in ftrong and inclofed 
countries, difmount and a& as infantry : wherefore inftead 
of a carabine, the dragoon is furnifhed with a mu‘quet. 

191. On confidering the peculiar properties of infantry. 
and cavalry, it is evident that whenever thefe two fpecies 
of troops engage each other, the fafeft method tor the in- 
fantry is to act on the defenfive, endeavouring to prevent 
the cavalry from furrounding them and charging their rear: 
they fhould thesefcre take pcffeffion of fome Sruztion hat 
is naturally ftrong, or may be ealily made fo. Eur if no- 
thing like a breaft-wvork can be four, they fheu'd form m 
the beft manner for kecping the enemy at a diftance by a brifk 
fire, in order to enab‘e them to execute the manceuvre:s beft 
calculated for fecuring their retrear. In thort, the difpofitions 
of infantry confift in their order of march, an¢ in regulations 
for keeping up a heavy fire in time of action. 

Cavalry will have a great advantage over infar.try when 
the latter are pofted on a plain, urd expofed to be charged 
the inftant they have given their fire, cr bezin to ke in move- 
ment; or when they are drawn u; in fuch 2 manne-, that 
they cannot well fuftain the feck o: a cha.ge, as three ceep. 

192. Under the name of field-ar-illery sre cc snpresended 
the royal regiment of arsilery, the gure «ih ther ammu- 
nition, horfes for drawinz them, a:.d drivers for taking care 
of the horfes. Hence, from the nu wher of carriazes, artil- 
lery cannot fubfift long in a couniry where forage is fcarce, 
The roads for artillery ought to be wide and god, and the 
bridges ftronger than either for infaniry or cavairy; then, 
the common rate of marching artillery is from 54 to 17 
miles a day, and with the fame expedition as iniantry. 

When guns are potted in the front line of an army that 
is advancing to the attack, the ground fhauld be icvel and 
open, that they may preferve the p-fts affizred to them in 
the intervals of the troops: in inclofed countries, hey fhruld 
be preceded by a number of pioneers and carpenters for 
filling up ditches, making bridges, cutting down hedzes, 
and opening roads: yet fometimes in f,i'e of every exertion, 

cannot reach their deftination, ‘and are frequently much 
embarraffed to keep their proper ftations, Hence it refults, 
that artillery cann:t a:ways take the fame route as infantry, 
yor accompany them on every expedition. — wr 

When the army halts with an intention of giving bartle, 

ou 


in the preceding treatife, it was demonftrated that the initial 
velocities of 8 and 4 Ib. thot being equal, their effe&s when 
fired againft a body of men near to them, are in the ratio 
of their diameters, or as 5: 4; but in long ranges, the refift- 
tance of the air being greater to fhot of fmall than to thofe 
of larger diameter (Treatife on Powder); the remaining 
velocity of a4 pr. will be lefs than that of an 8 pr. and its 
effe&ts as 1:4. Each man may be ftruck in front or flank, 
in the moft folid or leaft refifting parts of the body ; it is 
impoffible therefore to afcertain the exa&t number of men, 
that one fhot will kill or maim: ‘the only point that can be 
afcertamed is, that a 4 lb. fhor difcharged from a light 4 pr. 
with 14. 1b. of powder and well wadded, ftriking a column 
of infantry in the lealt advantageous circumftances cannot 
deftroy more than 30 men; but under the moft advanta- 
geous circumflances may kill or wound more than 60. 

195- inaction, cafe-{hot is fired from 8 and 4 prs. when 
the enemy is at a ditance of about 170 s, and drawn 
up with fuch an extended front that it will do more execu- 
tion than round fhot. “Ihe number of men difabled by isp 
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To give an idea of the advantage that the artillery has in 
this cafe; let us fuppofe the enemy to advance in quick time 
or at the rate of 80 yds. in a minute; the guns wiil ea(ily 
(196) make three difcharges in a minute without being ane 
noyed by the enemy, whofe firing has ceafed; fo that while 
the infantry is marching the diftance of 170 yds. to attack 
the cannon, they will be expofed to fix rounds of cafe-fhot 
from each gun, which will be more deftructive the nearer 
they approach. : ; 

2o1. Artillery when oppofed to cavalry, and covered in 
front by a broad and deep ditch, and fecured in the rear by 
chevaux-de-frize, &c. has ercatly the advantage; but when 
from the nature of the ground they are entirely expofed, the 
flanks and rear fhould be covered by deiachments of infantry 
or in fome other manner. -Each gun fhould be fired twice im 
half a minute, being the time that cavalry takes to gallop 
at full {peed over a fpace of 170 yards, which is the greateft 
velocity that cavalry can charge with. 

*- Guns of the largeft calibre fhould be oppofed to cavalry, as 
they project a greater number of {mall balls, and with round 
fhot do more execution in enfilading {194). 

202. Thefe feveral {pecies of troops compofe the bulk of 

armies; and from their fotidity and mutual fupport when 
properly combined together, are deftined for all great miliary 
Operations. 
’ There are other troops, which differ much from the 
former in their fervice and method of fighting: they are 
diftinguifhed into light-infantry and light-cavalry, and ate de~ 
figned to a&t by detachment ; for fecuring the tranqu. ‘ity of 
the camp; covering convoys; beating up the enemy’s quar- 
ters ; and harraffling them on marches. On them devulve 
all the more minute duties ; but as they are never accom- 
panied by artillery, it is needlefs to examine their conftitu- 
tion more particularly. The neceffity of being acquainted 
‘with the method in which the fevcral fpecies of troops that 
campofe armies can act, and be combined together on marches 
and in action, according to the nature of the ground and the 
difpotition of the enemy, will from the perulal of this chapter 
be obvious to every officer. 


CHAP. 
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ihcapable of improving the advantages they had obtained; 
and new levies have been known fhamefully to turn their 
Backs at the very réport of the guns and whiftling of the fhot z 
for when fhot are’not perfelly {pherical or are full of cavities 
they make a hiffing noife in the air, that ftrikes a panicinto 
raw or unfteady troops ; and the horfes and drivers can with 
great difficulty be prevented from running away. 

200. In the third cafe (198) the artillery has evidently 
the advantage ; for they can fire fafter than the infantry, and 
each gun projects at every difcharge a greater number of balls 
than the ten files oppofed to it (196). : 

When the infantry unable to bear any longer the galling- 
of the cafe-fhot, ceafe firing, and advance to the charge ; 


the artillery fhould profit of ‘their error and fire as taft 


as poffible, putting over the cafe two or three round fhot if 


‘the enemy be drawn up very deep. In doing this there is no 


reafon to be afraid of buriting the guns conftructed on the 
principles laid down in the preceding treatife. ie 
oie ae ™ 
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portion of each fpecies of troops; taking care to diftinguifh 
thofe deftined for the grand operations of war, from thofe 
that are to carry on the petite guerre : for if the light troops 
be too few in number, the ftrength of the army inftead of 
being preferved entirely for great occafions, will be exhaufted 
by the daily fatigues they muft undergo: on the contrary, 
too numerous a corps of light troops militates againft the 
maxim laid down in the laft paragraph. 

206. When the theatre of war lies in a very moun- 
tainous country, the army fhould confift folely of infantry; 
to whom may be attached fome 4 prs. to be placed in 
fortified pofts, when fuch points of fupport are neceflary 
in a defenfive fyftem. But no artillery fhould accompany art 
army that is to act offenfively in a mountainous country, 
unlefs it be to occupy an intrenched poft in order to cover 
the operations of the troops; to attack a ftrong intrench- 
ment to which it is practicable to bring up cannon ; or take 
advantage of fome commanding eminences to diflodge the 
enemy. 

207. In flat countries interfected by rivers, canals, ditches, 
hedges, defiles, &c. the army fhould be compofed of in- 
fantry, dragoons and artillery; the train of artillery confifting 
of a few 4 prs. 

In open champaign countries, the train of artillery may be 
more numerous and confift of pieces of larger calibre: the 
principal ftrength of this army fhould lie in its cavalry ; fince 
by their means the general will be mafter of the country and 
oblige the enemy to keep clofe to his camp, or cover his 
convoys and foragers with large detachments; which will 
greatly harrafs and weaken his army. 

208. The proportion between the infantry and cavalry 
depends alfo on the nature of the country.’ In flat exten- 
five countries, the cavalry including the light-cavalry may be 
eftimated at 4 of the whole army; this number diminifhes 
fucceffively to 4, 4, 7'o in proportion as the country becomes 
ftronger; till at length cavalry is totally excluded and their 
place fupplied by dragoons; who may amount to * of 
of the army, when the country though level is very {trong 

207). - 
: ae The number and quality of the troops being thus 
determined, they are formed into what is called an order of 
battle, The firtt line confitts of at leaft half of the arian 
: ns 


may augment fupport the difpofitions of 
the commander in chief, without caufing the leaft delay or 
embarrafiment. : 
211. When the fcene of operations lies in an open cham- 
ign country, the train of artillery is the largeft (206) : it 
as for a feries of years been cuftomary to reckon one gun 
for every thoufand men ; thefe pieces are worked by the royal 
regiment of artillery. ; 
But during the war that commenced in GERMANY in 
3740, field-pieces were attached to each regiment of weapon bs 
they were ferved by them and comprized in the ftores of t. 
regiment. As feveral other nations have adopted this maxim, 
jt Wi be for our intereft to add to the ftrength of our in- 
fantry by purfuing the fame plan, if ever we have occafion 
to act againft any of them in a champaign country ; not- 
withftanding the expence and trouble that fuch a quantity of - 
artillery muft occafion, _ 
_ In flat but very ie countries, where the object is not 
ta bring on a gener sth but by marching and manccu- 
: Wreing 
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vreing to occupy advantageous pofts; the principal point to 
be confidered is celerity of movement (204): wherefore, 
the army fhould be difincumbered of the battalion guns, 
the train of artillery diminifhed, and the nature of the guns 
adapted to the ufe for which they are principally defigned, 
and to the condition of the roads and bridges; that. they 
may never retard the march of the troops: in hilly countries, 
their number fhould be farther dimifhed. 

In mountainous countries, the ufe of artillery fhould be 
entirely fuppreffed, unlefs fome poft of importance is to be 
ocoupied. From a defire of carrying cannon with troops 
that are to a& among mountains, {mall guns weighing from 
1 to 2 cwt. have been invented, and are tranfported on the 
backs of mules; but the advantages reaped from them are 
inadequate to the expence and trouble attending them. 

212. For the fake of laying down fome rule for formia 
field trains; let us fuppofe an army of forty battalions an 
as. many fquadrons, making in the whole 30,000 men, 
ating in a flat open country, with an intention of feizing 
every favourable tegen! of coming to action. In this 
cafe, befide the 4 pr. battalion guns ferved by the infantry, 
there ought to be twenty-five 8 prs. weighing from g to 10 
cwt. each ; four 16 prs. weighing from 17 to 18 cwt.; and 
four howitzers ; with a proportion of ammunition, from go 
to 120 rounds a gun (one third of which fhould be cafe~ 
fh&) ; carried in tumbrils ; with a certain number of waggons 
for the mufquet cartridges and flints; to this muft be added 
a proportion of intrenching, black-fmiths and carpenters 
‘tools. That the fervice may be carried on with regularity and 
difpatch, draught horfes {hould be purchafed, drivers inlifted 
@) and formed into a corps under officers and non-commif. 

oned officers: the number of horfes is regulated by the 
“quantity of ammunition, &c. never allowing more than 
-g% cwt. to each pair of horfes befide the weight of the car- 
riage ; that they may not be worn out before the end of the 
champaign. The guns are diftributed into brigades of 5 or 
6 pieces each, to be employed together or feparately, as oc- 
cafion may require, with a detachment of artillery-men to 
ferve them. 
_ Let the twenty-five 8 prs. be divided into five brigades ; 
the howitzers and 16 prs. will form the fixth or park bri- 
“gade; which is referved for cannonading works that cover 
srigades, and ftrong pofts of all kinds; and for firing againft 
PD Se cavalry, 
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Hoke for one officer, two mien aan) eal 
Gers and a FArrice — seve seccescsssecerees - 


Number of horfes for one brigade & 


Befide the above, two country carts drawn by two pairs of 
oxen for carrying more intrenching tools, and the officers 
baggage belonging to the brigade. 


When the brigade confifts of 4 prs. two horfes are allotted 
for each gun, and four tumbrils for the ammunition ; the 
eft as above. Should the army move to a diftance from the 
arfenals or fortified towns, a large depot of ammunition both 
for ae and artillery ought to. be brought forward and 
lodged in fome caftle or walled town under the care of a de~ 

_tachment of infantry. 
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- gra. The detachment of artillery for the fervice of each 
brigade confifts of a captain and two or three fubalterns; &x 
or eight non-commiffioned officers ; ten cr twelve artificers 3 
with eight or ten gunners to each gun, according to its ca~ 
libre, and a conductor of ftores for taking care of the ammu-~ 
nition, &c. All the brigades are commanded by a field 

- officer, who has under him an cdjutant and two affiftants. 
‘The commiffary general of artillery detaches a commiilary, 
to make the iffues and purchafes during the campaign, 
215. When a broad river runs through the country in 
which the.army is to ad, a fufficient number of large boats 
are provided for making bridges, and are left in the water till 
wanted. 

When there are feveral {malJer rivers, a number of pon 
toons accompany the army, carried on proper carriages, with 
baulks, chefles, cordage and every thing requifite for cons 
ftructing bridges :_ an officer of the artificer-company with 
a party of artificers has the charge of this duty. The num- 
ber of pontoons is regulated by the bridges there may be a 
neceffity of making, and by the breadth of the rivers: the 
common calculation is a pontoon for every 16 feet of breadth, 
befide the two for the centre; if the river be navigable, 
The conftruation of thefe bridges has been already men- 
tioned / 37). 

216. The following is a proportion of pontoons, &c. for 


daying a bridge over a river 3<0 feet broad, jo 

. Pairs of 
Oxen. 

‘Twenty pontocns mounted on Carriages —sssssesseesnsees 60 


Twenty-four carts carrying 369 chefies or planks 
13 be long, from ro to 14 inches broad, and2— 24 
INCHES thick  s..sssscecsssarcseeceercesesseescescneesneeseensenencs 
Fifteen ditto, carrying 120 baulks from 16 to ie 15 
feet long, and from 4 to 7 inches thick ws 
.Eight ditto, ro anchors and cables, et 8 
-© capftans, artificers toOlS —.s.sssmseesseeeseeeeseesen coos 


Number of pairs of oxen 107 


— mt 


Inftead of pontoons, boats made of leather are fometimes 
carried in waggons folded up; when wanted for ufe, they 


are ftretched out with crofs pieces of wood, and 4 ae 
fixe 
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om the enemy, it is {ufficient if it be dry and abounding 
with wogd, water, hay, and ftraw: but the other camps 
‘that the army may occupy in the courle of the campaign, 
independent of thefe requitites, mult in other refpects cor- 
refpond with the views of tue general: the firit objet is the 
fecurity of the troops; wherefore, ; 
1. There ({hould be in the front of the encampment 
a {pot fpacious enoush to draw up the whole army in 
two lines, and to engage without being embarraffal 
by the tents. 

2. The front and flanks fhould be covered by houfes, 
villages, rivulets, ditches, ponds or ravines, which.the 
enemy cannot pafs in order of battle. 

3. Above all, the rear of the encampment fhould be 
Reured, aud a free communication eftablifhed between 
the magazines. 

4. Any villages, houfes, or high-grounds near the 
camp, thould be occupied by ftrong detachments. ir 
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s. If the camp be interfe&ed by canals, ditches, 
rivulets, or other obffacles to a free communication 
between every part of it, bridges fhould be laid and 
patlages opened, that the whole may eafily move to the 
Support of any part that is attacked. 

218. In nothing is the ability of a general more confpi+ 
cuous than in the choice of his encampments; and few 
circumftances have conduced more than this to gaining 
the moft brilliant victories ; but as the full difcuffion of this 
interefting part of tactics would te foreign to the purpofe, 
our oblervations will be confincd to a few points. 

(Fic. 10, Pl. 6) The fixth plate reprefents a common 
encampment of 40 battalions and 40 fquadrons; A, the en- 
campment of the firft line ; B, that of the fecond, diftant 
from the firt 6 or 800 paces; C, brigades of infantry of 
five battalions each; D, brigades of cavalry and. dragoons 
of ro fquadrons each; E, the park of artillery; F, head 
quarters; G, the village whence the camp takes its 
name; H, ground for the firtt line to draw up in order 
of battle, diftant from A at leaft 600 paces; I, ground for 
the fecond line to draw up in-order of battle; K, houfes or 
barns occupied by the advanced guards of infantry; L, 
advanced guards of cavalry, as pofted during the day; My, 
points to which the cavalry retires during the night to be 
covered by the infantry. 

As many paces are allowed for the front of each battale ~ 
lion as it contains files ; and an interval of at leaft 20 paces 
is left between every two battalions of the firft line, that 
thofe.of the fecond line may, if neceffary, pafs through them 
aad form at I. 

As many paces as there are files in each fquadron and 
one half more are allowed for the front of each {quadron ; 
with.an interval between every two of at leaft half the front 
of a fquadron, that thofe of the fecond line may pafs without 
jntersuption, and form at I. This difpofition is nearly 
regular when the ground is level and open; but is deviated 
from, if fuperior advantages can be gained by a different 
pofition, or the fafety of the camp better fecured. When 
one flank is covered by a ravine, river, lake or impaffable 
morafs ; and there is on the other a flat open piece of 
ground, all the cavalry is encamped on this flank. 

219. This mode af encampment has been generally prac- 
tifed far thefe two lat al but in the defenfive fyitem, 
others 
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country, they are efcorted by a competent num- 
ber of infantry or ns th as the country is more or iefs 
level or mountainous. 

The commanding officer fends forward the quarter-maf- 
ter-and camp-colour-men early in the morning to the village 
where he intends to halt, in order to prepare quarters and 
forage, and mark out a piece of ground for the -park, 
When the brigades reach the army they are drawn up in 
four lines on the ground pointed out by the commander 
in chief, with 6 or 8 paces between every two carriages, aud 
ao paces between every two lines; that the horfes may be 
harneffed and the march refumed without confufion: the 
guns, lightewaggons, and fpare-carriages in the firft lines 
the tumbrils in the fecond ; the ammunition-waggons in 
the third ; and the waggons with the intrenching tools and 
the forge cart in the fourth : the brigades are called after 
the captains that command them, and are drawn up accord- 
ing to feniority ; the firft brigade on the right, the fecond on . 
the left of the firft, and fo on fucceffively to the laft, which 
as generally the park brigade. ta 
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To front of the park and about the centre, a quarter 
guard is placed fufficiently numerous to furnifh centinels ; 
and two alarm guns are ftationed there, and kept unlimbered 
with a lighted match to give fignals for the army to get 
under arms. The non-commiflioned officers and foldiers 
tents are pitched on each flank of the park. at the diftance 
of 20 paces from it; and 40 paces in the rear are pitched 
the officers marques in two lines. At fome diftance in the 
rear of the marquees, the horfes are picketed intwo or more 
lines with the tents of the drivers, &c. on the flanks. 

2zt. The brigades being arrived, the commanding offi- 
cer makes his report to the commander in chief, and waits 
on him every day for orders ; and the adjutant goes every 
day at orderly time to take the detail of duty. When the 
camp is pitched the artificers examine the carriages, and 
the condudors of horfe infpe& the harnefs; at the fame 
time the conductors of ftores examinc the tumbrils and 

_ ammuniticn waggons of their re{pective brigades, to fee if 
any thing has been damaged or difplaced during the march, 
The officer on guard over the park fhould go his rounds 
two of three times during the night, and cawfe them to be 
repeated by the ferjeant and corporal of the guard :. he fhould 
alfo take care that the cooking places are at a diftance from 
the park, and all fires extinguifhed at fun-fet, and even 
during the day if the wind blow hard. The next morn- 
- ing before the guard is relieved, each-conducter goes round 
his brigade attended by a no.1-commifflioned officer of the 
guard, to fee that nothing has been ftolen ar broken during 
the night. 

222. When the park of artillery is placed between the 
firft and fecond line, it is fuppofed that there is no danger 
of being attacked: (Fig. 10, PJ. 6) but when the vicinity 
of the enemy’s army renders precaution neceflary, the bri- 
gades of artillery are pofted between the brigades of the firtt 
line of infantry, and on tie flanks between the infantry and 
cavalry, Each brigade is then fubdivided: one part con- 
fits of the guns, light waggons, fpare carriages, and tum- 
brils, with the officers and greater part of the gunners; the 
carriages are drawn up in two lines in the intervals of the 
firft line of infantry, with the mens tents on the flanks, the 
officers marquees in the rear, and the horfes and drivers 
behind them: when roo paces are allowed for the front 
of «ach brigade, this oe is called the artillery draw 
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the cavalry crofs the fields, and the infantry march on the 
toads; the columus of artilery on the broadeft and belt. 
The light, troops are [enc forward early in the to 


reconnoitre the country ; and if the enemy be near, 
are fupported by a confiderable body of in’ 
- year auarch the detachment intended to ge ard the 
_¢amprrent, With the camp-colour-mén that are to 
outs But if the enemy be at a diftance, the ¢ 

Wen afferubie ata certain time and plate, and with 
\he camp-guard, and the quarter. -mafter-general under the 
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orders of the general of the day, towards the new encamp- 

ment. On their arrival, the quarter-mafter-general marks 

out the camp, and the general of the day pofts the neceffary 
uards. 

. Each column has a front and rear guard ; the ftrength of 

the detachment that covers the artillery and baggage is deter- 

wined by circumftances. 

a24. When the drummers beat the genera, the quarter- 
walter and camp-colour-men of the artillery repair to the 
place appoined for their aflembly, and accompany the other 
camp-colour-men to the new camp; apd every thing is 
prepared for the march, . 

At the beating of the genera, the artillery-men ftrike their 
tents, pack their baggage, and harnefs and bridle the horles ; 
at the fecond fignal, or the affembly, the horfes are put ta 
the carriages, and they are all drawn up ready to march; 
and at the third fignal, the wh le move into the place 
afligned to them in the order of march. The brigades 
march according to the feniority of their captains, with the 
Jight waggons in front; then the guns, the tumbrils, the 
@™Mmunition waggons, waggons with intrenching tanls, and 
Jaf of all the country waggons and forge ca¥ts. Each cap- 
tain with the greater part of the gunners: marches at the head 
of his brigade; a fubaltern with 2 fmall detachment in 
the rear; and another detachment under a non-commiffioned 
efficer on the flanks near the ammunition, which jg alfo the 
ftation of the conduGor of ftores. The artillery column is 
preceded by fome pioncers taken by detschment from the 
feveral brigades ; and fome artificers to mend holes in the 
yoads, examine the bridges, repair them or lay down new 
ones, and open avenues into the park, in cafe the camp. 
golour-men have not had time to doit. When the bri- 
gades reach the new encampment, they are drawn up ag 
before. 

225. The feventh plate reprefents an army on its march 
in five columns from the encampment A towards B: ( Fig. 
34, Pl. 7) the centre column of artillery C is preceded by a 
brigade of infantry D, and followed by a part of the bag- 
gage of the army: the remainder of the baggage F forms 
fhe fourth column with two brigades of infantry in fronts 
H, the van-guards of each column ; I, the rear-guards ; Ky 
the new sncampment and the camp-colour-men ; L, light 
troops detached in front to reconnoitre. When there is any 
Z 3 appreheniion 


{fafety of the troops. 
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-*'The army that attempts to pafs through defiles, or crofs 
bridges in the face of an enemy, ought to be greatly fuperior 
qn number. 

227. An army in retiring from the camp A towards Q, 
is under a neceffity of pafling through a defile, and the enemy 
is at no great diftance ; the defile ought previoufly to enlarged 
to render the march more fecure : hen that is impracticable, 
fome chofen infantry with a few pieces of cannon fhould be 

ed on the fides of it. In cafes of particular danger, a 

ng entrenchment mutt be thrown up at the entrance of the 
defile, or at leaft a chain of réedoubts at proper diftances from 
each other, lined with cannon and mufquetry ; the army fhould 
then retreat by- night, and draw up in order of battle after 
having paffed the defiles, to receive the artillery that covered 
the retreat and the infantry that was left in the intrench- 
ment will form the rear guard. 

When the army in its retreat muft crofs a bridge, a de- 
tachment fhould be fent forward to throw up an intrench- 
ment to cover the bridge; a large body of infantry thrown 
into the work before fun-fet, and cannon planted on every 
point on the other fide of the river that flanks the intrench- 
ment. During the night, the remainder of the army fhould 
crofs the bridge, and draw up on the other fide of the river 
in order of battle, to receive the corps of infantry that was left 
in the intrenchment; and when the whole has paffed, the 
bridge fhould be broken down. This manoeuvre ought never 
to be practifed but in cafe of neceffity, unlefs the intrench- 
ment can be made of a very refpe<table profile. 


CHAP. VI. 


Or BaTTLEs AND GENERAL ENGAGEMENTS. 


228. An order of battle is the moft advantageous dif- 
pofition of the battalions, fquadrons and artillery, that com- 
-pofe an army, relatively to the nature of the ground, the 
number of each fpecies of troops, and the ftrength and pofi- 
tion of the enemy: hence itis eafy to conceive, that the dif- 
pofitions and combinations of troops may be infinitely varied; 


but as it would be foreign to our purpofe to enter into a par- 
Za ticular 


7 


dants a th row 7 : 
the affailants, as to give a moral certainty of, repelling 
the attack with great lois to the enemy, and but little 10 
themfelves: thefe cafes excepted, it is very hazardous to 
receive battle in a pofition merely defenfive, 

The oblique has by the moft able gencrals been preferred 
to the parallel order, whenever the ground admitted of it; 
fince it affords an opportunity of difplaying the moft mafterly 
and confummate knowledge of taétics, and is the beft adapted 
to an inferior army. . . 

230. From the definition of the feveral fpecies of troops 
(Chap. 1.), it is eafy to imagine a variety of orders of battle 
adapted to certain fituations: but the primary object. of 
every general fhould never be loft fight of; viz. of providi 
for the fecurity of hisown army before he attacks the enemy: 
wherefore the diftribution of the troops and the figure ef the 
arder of battle fhould form a kind of a moveable fartification, 
“where all the parts mutually cover and defend each other 3 
and each fpecies of troops {Hould be pafted in the precife {poe 
where they can act with the greatelt energy, and occafionally 


change 
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change their operations from defenfive to offenfive: cavalry 
tur inftance, fhould be pofted on level and open ground, 
that they may perform the neceflary evolutions without im- 
pediment or embarraffment (189). 

The artillery fhould be drawn up in the bett fituations for 
enfilading the oppofite atmy with round fhot (194), or firing 
cafe- thot again their front (195). In advancing with the line 
of the army, the ground in front fhould be level and open 
(192): this circumftante is not very materia) wheo the army i# 
not to advance, but receive the enemy in their prefent pofi- 
tion; it will then be fufficient, if their rear be fecured by ditches 
or other obftacles againft a charge of cavalry. 

Finally, the infantry which is the foul and ftrength of every 
difpofition, will be advantageoufly pofted when they are 
drawn up three or four deep behind fevices or holiow ways, 
whence they cankeep upan inceffant fire and manceuvre freely 5 
- or fome paces behind the creft of a rifing ground, which may 

ferve as a kind of parapet: ‘when they are to-advance to the 
attack, the ground in front ought to be open; and that part 
of the firft line which is to charge ought to be formed with 
very deep files or in column, not expofed to be taken in 
flank by the enemy’s artillery. 

231. The diftance between the firft and fecond lines is 
Oo or 400 paces; with the corps de referve, 2co paces in 
the rear of the fecond line; or between the two lines, in 
which cafe, the diftance between them is increafed to 400 of 
§00 paces. When the army advances in line, an interval 
of 20 or 30 paces is left between every two battalions, to 
prevent them from crouding the files, which generally hap 
pens when this precaution is neglected; but thefe intervals 
are unneceflary when the army is to receive the attack: 8 
or ro paces are left between evcry two guns. The intervals 
between the fyuadrons of the firft line fhould not exceed nor 
be lefs than half the front of one fquadron. 

In making a long charge in line, the squadrons fhould 
fever touch each other, from the almoft abfulure Certainty of 
their being in diforder before they reach the enemy, 

232. (Fig. 12, Pl. 8) AB is an army drawn wp in the 
‘parallel order of battle, to engage the Grft line of the enemy’s 
CC; and may be fuppofed to be acting either offenfively of 
defenfively. 

(Fig. 13, Pl. 8.) The army is drawn up in a parallel 
erder of battle defenfive; in this difpcfition the right wing 
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beng thrown to iforderto charge. me 
_ When two armies engageyin one or other of or- 
ders,,,it is called a pitched battle or general engagement: but 
when from the nature of the ground, the troops cannot be 
drawn up in either of thefe methods, but are obliged to)en- 
gage one after the other in a very confined {pace, it) is 
termed an adtion. Thedifference then between pitched battles» 
and actions coafifts in the iffue of a pitched battle being al- 
ways very deftructive to the army that is routed : whereas in 
actions, the victory decides but little ; though perhaps the lofs 
af men may be much greater than in a general engagement: 
far which reafon, the ableft generals have endeavoured to 
avoid actions ; and when they have been forced into them, 
it has been owing to fome accident, which the moft fkilful 
difpofition and wifeft precautions could not guard againft. 
The principal maxim is, to adapt the difpofition of the troops 
to the inequalities of the ground, in fuch a manner that they can- 
not be taken in flank; but may be able to attack in front and 
frank, or at leaft obliquely the enemy's army; and to bring inte 
ation a greater number of men than the enemy can oppofe to 
them ; this is obtained by drawing up the army with a more 
; ow GK 
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1 the ammunition in the 
expended. When the aétion is likely to laft long, 
pe totner thedepdt (222) for mare and in 
forms the commanding officer af His lofles and expenditure. 

236. To derive = im advantage from agtillery, the 
firing thould'be brifk and without coniution ; and the wumok 
attention: paid to Joading and laying the guns, thatthe thoy 
at the feveral diftances may reach the enemy: an officer 
will thew his judgment by cannonading that part of the 
enemy’s difpofition, which it is af the moft confequence ta 
ehrow into diforder; or by firing cafe-thot, when the dif- 
tance and other circumstances permit. 

Confufion in the fervice of artillery arifes either from the 
want of a proper diftribution of the men; from their auk- 
wardnefs ; or from their being feized with fear, or a fpecies 
of delirium, under the influence of which they are defirous of 
firing with the utmoft precipitation. To prevent which ; 

i The artillery-men fhould be exercifed every day 
till they have habitually acquired a fuperior addrefs in 
the management of the guns, according to the plan of 
exercife laid down in the fchool-pradtice : for if every 
@ officer takes upon himfelf to alter the mode of exercife, 
it muft inevitably lead to confufion; particularly when 
the men are changed from one brigade to another. The 
@. 
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4. The tnén fhould be poited té the refpective guns, 
each man informed of his particular duty; and the ad~« 
ditionuls praGtifed in dragging them. 

; The officer fhould ever preferve an air of coolnefs 
@nd tranquility, and employ arguments rather than tnea 
nacés, to encourage the timid, and reprefs the ardour of 
the violent; punifhment thould not be ufed but in the lait 
extremity. 

,. The guns fhould fire flowly at firft, by which means ‘the 
foldier not being ‘flurried at the onfet will preferve his pres 
fence of mind in the heat of the engagement, and perfom 
his duty with coolnefs and alactity. re ee ee 

237. The brigades follow the movements of the infantry, 
preferving the proper intervals. In the meantime, the wag- 
= and ammunition carts, that are in front’ of the fecond 
ine, fullow the gunsatthe diftance ot 250 paces, till the conteft 
is determined. If the enemy retire, the carriages are brought 
up and the guns limbered to follow more ealily the move- 
ments of the army: but if the iffue be unfavourable, the 
captains commanding the brigades, when ordered to retire, 
exert every means in their power to fave their guns, though 
preffed by the enemy : with’a view to this, they ought to have 
examined the roads, bridges and other avenues, previous to 
the aGion. When all retreat is impracticable, the guns 
thould be fpiked or rendered ufelefs in fome other manner, 
the ammunition blown up, and the principal articles deftroyed 
er carried off. : . 

238. The commanding officer of artillery, who has al- 
Ways remained with the commander in chief, fhould have 
_ foretven the fatal moment of defeat, and have given fuch 
directions that the guns may not on the retreat, embarrafs 
the movements of the tr ops. On the receiving the order 
to retire, he will caufe the depot that is ftationed behind the 
fecond line to move inftantly, and all the brigades of the 
firt line to reture by the roads pointed out to them. He 
will in perfon repair to the fpot where there appears to be 
the greateft difficulry and danger, that by his fuperior know~ 
ledge and experience he may extricate his officers and men 
out of the ftraight to which they are reduced; and as the 
limbers are fometimes broken and ufelefs, he will apply for 
an additional number of infantry to affift in dragging off the 
gens, The brigades and depot, should repair as fat as 

poffible 


ich f ways receivé fupplie: 
ons; and are generally attacked without ‘the “difpe 
tions and precautions hile oT sam 
a4>. Pield-fortifications are Ged either with a view 
of vovering an army that withes to avoid an engagement, ‘or. 
feeuring its retreat; of occupying fome important poft, to 
impede or fruftrate the enemy’s defigns ; or of forming an 
intrenched camp in the vicinity of a fortrefs, to'‘rerider a 
lege difficult or imbracticable. ‘Thefe fortifications are diftin- 
ahed into natural and artificial: in the firft clafs, are ranked 
eights that the enemy with to get poffeffion of, at the fooe 
of which are hollows:or fences that are commanded: and 
eminences, houfes, villages and woods near to the camp or 
fielt of battle, that may be ufeful as pointg of fupport, or aa 
advanced pofts to intrench on. 

A pofition on a rifitig ground with fteep banks is ftrong ; 
and when on the fide towards the enemy, there be a canal, 
river, lake, mortrafs, quickfand, fleep- precipice or narrow 
pats through which the enemy mult defile before he as 
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attack the camp, it is ftill ftronger ; indeed fome pofitions of 
this nature are found that are impregnable. 

241. When the ground is not naturally ftrong, it is rendéred 
fo with field-works: this occurs moft frequently in coun- 
tries interfected by large canals or rivers, &c. or in moun- ° 
tainous or ftrong countries, whither an inferior army is com-= 
pelled to retire from the open champaign country to avoid 
being furrounded and cut off from its fupplies. 

In field.works confiru€ted on the flat parts of a ftrong 
country, one ftage of fire is generally fufficient; but in forts 
and large redoubts, that are to ferve as points of fupport to 
* other intrenchments or as infulated pofts, there ought to be 
two ftages of fire. 

In mountainous countries, from the natural advantages of 
the fituation, two ftages of fire may be obtained with little 
‘expence or trouble. 

242. In the conftru@ion of field-works, regard muft be 
‘always paid ; ; 

1. To the nature and extent of the adjacent country, 
2. To the interior area. 
3 To the figure of ‘the works, and the mutual fup- 
port of the feveral parts. 
4. To the profiles of the works. 

24% Thofe field-works are the ftrongeft, which from nae 
‘ural or artificial obftacles cannot be approached by the enemy 
in regular order (242, No. 1): when the intrenchment can- 
“not be made inacceffible along the whole front, a part of it 
at leaft fhould be made fo; always keeping in view this maxim 
that the flanks be better defended than-the front. The ground 
‘beforethe acceffible parts fhould to a proper diftance, be cleared 
of trees, hedges, buildings, and every thing that can give 
fhelter to the enemy. 

244. The interior area fhould be fo fpacious, that all the 
‘troops May encamp in good order, and perform the neceffary 
manceuvres for defence without being ftraitened for room. 
“When the army is encamped in one line, 500 paces are left 
between the intrenchment and the tents for the troops tp 
form on; and- when in two lines, this diftance js increafed 
to 800 paces (242, No. 2). 

The front of the encampment ought not to be unnecefla- 
rily extended, left there be too few men to line the intrench- 
» ment: when there are any ditches, canals, precipices or other 
bilacles to a free communication between the sar eis 
: ridges 
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Cts, and windows on the fide of the enemy 
and enlarge them on the oppafite fide, to give free room for 
the traops to enter for the defence : the other is tq eftablifh 
¢wo flages of fire, the firft from the intrenchment that fur- 
rounds the village ; the fecond, from the upper windows of 
the houfes. In tracing the intrenchment, an interval of 
paves at lealt (hould be left between it and the houfes, that 
#taops who line the works, may nat be incommoded by the 
devaftation accafioned by the enemy’s fhot among the build- 
ings. When there is a free communicatian between the 
willage and the army, the front and flanks only need be in- 
4renched; except it is intended as an advanced poft, then the 
work fhouk! be clofed, 

246. Field fortifications may be cleffed uader three headg 
(242, No. 4) 
The firft kind is the moft fimple, and confifts of a parapet 
4% or 5 feet high and 3% feet thick at the tap without ban~ 
_ quette: this ig thrown up in places which the enemy can- 
not approach without being oblized to defile ; but never on 
Fat open ground, unlefs the army be but littic inferior in 
Umber ta the enemy, ‘ihe 
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. The profile of the fecond kind confifts of a parapet 73 feet 
high and 6 feet thick with a broad banqueiic, thai the infantry 
may draw up two or three deep, and the troops at the foot of 
the banquette be fhelrered from the enemy's fire: the ditch is 
from 74 to g feet wide and 4 feet deep. Both thefe kinds 
of intrenchment are liable to be infulted ; or in other words, 
expofed. to affult without any previous fteps on the part of 
the affailant. 

The profile of the third kindis a parapet from 12 to 15 
feet high, and as many thick ; witha ditch from 20 to 26 
feet wide and from 73 to 11 feet deep: this intrenchment 
js faid to be fecure from infult ; as it cannot be attacked but 
by a kind of regular fiege, by opening trenches and erecting 
batteries. A row of palifadoes fixed horizontally half way 
up the parapet, or with a flight inclination at the foot of it, 
adds much to its ftrength. “Ihe banquette is from 74 to g 
feet broad, that the infantry may draw up two deep and main- 
tain a heavy fire, when the ground in front is favourable tq 
the enemy’s attempting to carry the work by affault. 

247. The troops for the defence of the twa former in- 
trenchments are difpofed as fellows : : 

x. The parapet is lined with one rank of infantry, 
who keep up the palifado firing when the ground in 
front is fo broken that the enemy cannot approach in 
order; when the ground is lefs broken, they are drawn 
up two deep and fire by plateons. When the ground is 
fo favourable, that the enemy may adopt whatever dif- 
pofition appears the moft feafible, the infantry are 
drawn up 4, or at leaft 3 deep, and fire by word of com- 
mand from their officers. In this cafe, the two front 
ranks give their fire, and kneel down to give liberty to the 
two rear ranks to fire; they then rife and the whole re~ 
load. Of the various methods of parapet firing, this 
is the moft fimple and effectual, and produces more than 
any other, that folidity and confiftence which forms the 
excellence of every body of troops. 

2. Befide the troops on the banquette, there fhould 
be fome pofted in referve at a proper diftance in the rear, 
to be ready to move ta any part where they may be 
wanted ; and behind the points, where the moft ferious 
attack is to be apprehended, a fecond line of infantry 
fhould be formed 300 paces from the parapet; with 
fame fquadrons of cavalry, drawn up in the rear on a 
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oblis "_ to retire rt o ut ol 
firing is fulpended and every thing prepared for givi 
him a warm reception when he returns to the attack. 

3. When the ground is fo favourable to the enemy, 
that he can by manceuvreing alter his difpofition at plea- 
fure and keep the defendants in doubt which part he in- 
tends to attack ; fome guns are kept limbered and loaded, 
that they may be inftantly drawn to the point of the 
greateft danger. 

249. In attacking an intrenched camp with a profile of 
the firft or fecond kind, the flanks fhould be firft attempted ; 
but if their profile is, as it fhould be, of the third kind, the 
troops muft advance within 720 or 800 paces of the front 
of the intrenchment in the parallel order, and then make the 
attack in the oblique or double oblique order, taking care not 
to prefent the whole. front to the fire of the intrenchment, 
unlefs the enemy weaken fome part not attacked in order ta 
reinforce thofe againft which the attack feems directed. 

When any defeé in the works, or the interior of the camp, 
that embarraifts the troops in their manctuvres is perceptible, 
the weight of the attack fhould be directed againft that part ; 
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otherwifes the greateft efforts fhould be made at the point 
where the exterior ground prefents fome advantages : the in- 
fantry being difpofed in feveral columns, connected with 
other troops and fupported by « fecond line of infantry, 
with the cavalry drawn up in the rear, ready to gallop into 
the. intrenchment the inftant the infantry have entered and 
cpened breaches large enough to admit them. 

The previous difpofitions being made and the fignal given 
for the attack, the troops march forward in quick time ; 
fince it is only by advancing rapidly, that the defendants can 
be deprived of the advantages they have over the affailants : 
for the fire of the latter is, at the beft, but uncertain; while 
they are expofed to a very heavy and weil-directed fire from 
behind the works: common fenfe and experience agree on 
this point. , 

25c. Jn the affault of field-works, it depends on the pofi- 
tion of the intrenchment and the nature of the ground where 
the troops form, whether the whole or a part only of the 
artillery can be employed. “The general rule is for the ariil- 
lery to keep a very heavy fire previous to the advance of the 
troops, that they may meet with lefs refiftance and penetrate 
more eafily. The principal cafes in which artillery is ufeful 
in this kind of attack are : ° 

‘x. When the artillery of the works can extremely 
annoy the affailants, a fuperior number of cuns are 
brought up to filence them; and when there is any 
commanding ground at 200 or 3co paces from the 
works, fome infantry is pofted on it to throw in as heavy 
a fire as poffible (199). 

2. When there are any forts or redoubts with two 
ftages of fire within the works, the fire of all the artillery 
is directed againft them to throw the troops that defend 
them into diforder; the inftant this is perceived, the 
infantry advance rapidly to the affault. Red-hot fhot 
and howitzer fhells tilled with combuftibles are thrown 
into intrenched villages or houfes to fet them on fire ; 
it fhould be laid down as a maxim in the attack of towns 
or villages, never to let the infantry advance before the 
artillery bas thrown the garrifon into confuficn. 

3 iiy ground in the vicinity of the intrenchment, 
that enfilades or commands it, fhould be occupicd by a 
fufficient number of guns to take full advantace of this 
favourable circumftance. 

Aa2 4. In 


a a J oy 
oe When + is ae cf the intrenchment fecures it 
from infult, a kind of irregular fiege is carried on with 
batteries and trenches: thefe attacks are generally di- 
reed againft the flanks of the intrenched camp, or 
fome faliant point. ‘ 

3. In battering bridges built of boats, and covered 
by redoubts or intrenchinents, fome guns are broucht 
to the edge of the river, whence they can bear on the 
bridge ; and if the oppofite thore be lined with ‘muf- 
quetry or artillery, a fuperior fire muft be direéted 
againit it, to cover the guns: when the intrenchment 
is injudicioufly conftructed, the intantry after the fire 
of the artillery has continucd for fome time, fhould 
advance and form it. iii . 

4. When the enemy having laid’a bridge of boats, 
endeavour to pafs the river; the troops and artillery 
that are to difpute the paffage, form oppofite to the 
bridge, to entilade the enemy, who ‘having crofled the 
bridge in column, will endeavour to deploy in si 
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of battle; fome puns are alfo planted on the bank to 
cannonade the bridge: and if the enemy cover his 
paflage by a fire from the oppofite fide, a fuperior fird 
muft be eftablifhed. It may be remarked here, that 
whenever a bridge is to be attacked, or the paffage of 
it difputed, and there are guns on both fides of the 
river, if the two banks be not on thé fame level, the 
troops on the higheft bank will have the advantage, 
when the river is not lefs than a mufquet fhot acrofs. 


CHAP. VIII 


OF THE QUARTERS OF AN ARMY. 


252. Ir is cuftomary to put the troops into winter quara 
ters towards the end of autumn and in fomecountries, into 
fummer cantonments during the great heats of that feafon. 
‘They are lodged in the towns and villages, and diftributed 
according to the order of battle in which they are encamped 5 
that is to lay, the troops that compofe the firft line are quar+ 
tered in the houfes neareft to ti.c enemy, and thofe of the 
fecond in the towns in the rear; regard is alfo paid to the 
pofition of the wings and centre, fo that the troops may on 
occafion march forward to the ground that is fixed on for 
their general rendezvous, without confufion or danger of 
eroffing each other in the march. The quarters are more 
or lefs extended in proportion to the diflance between the 
two armies, and there is generally a river or defile in front. 

253-. The brigades of artillery are generally quartered 
together in fome city or town in the fecond line, with a body 
of infantry to cover them. 

At every halt during the campaisn, the damages were 
repaired as far as circumftances would admit ; and advantage 
is now taken of the fummaer cantonments, to examine and 
put every article in a complete flate of repair, that on any 
emergency the brigades may be initantly ready: the armmu- 
nition, &c. is left in the waggons, and the park formed in 
the proper order, that the horfes may be harneffed without 
contufion.. When the ammunition is carried on beaits of 
burthen, it is unloaded and lodged in fome building not 
expofed to fire, and fpacious enough to contain it witlour 
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a coup-de-main; and wher econ be trengthened by any 
additional works ; be will communicate to ery 
officer of the poft, his ideas upon the plan of defence, 

poft his guns at the moft important points, with a propor- 


‘tion of ammunition in cafg of attack. 


255- At length, the feafon for military operations bein 
geen acd the commander in chief Havingy ordered the atu 
into winter quarters in the moft convenient and plentiful 
country, that they may recover themfelves from the fatigues 
of the campaign ; the brigades of the artillery move towards 
the place of their deftination under the efcort of a body of 
infantry or cavalry, marching and parking as before di- 


teéted. Being arrived at their quarters, which fhould be 


covered from every attempt of the enemy, the ammunition 
is lodged in the magazines, the carriages put under cover, 
and the neceffary repairs inftantly begun: during the winter, 
attention fhould be paid to the comfort of the men, and the 
forage of ‘the horfes, that the whole may be able to take the 


field in the enfuing fpring with recruited ftrength and vigour, 
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——— 178, for counter-attack read counter- 
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